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Manuscripts for publication should be 
sent to the Assistant Secretary, Indian 
Journal of Physics, Jadavpur, Calcutta 32. 

The manuscripts submitted must b* 
type-written with double space on thick 
foolscap paper with sufficient margin on 
the left and at the top. The original 
copy, and not the carbon copy, should be 
submitted. Each paper must contain an 
abstract at the beginning. 

All references should be given in 
the text by quoting the surname of the 
author, followed by year of publication, 
e.g,, (Ghosh, 1954). The full reference 
should be given in a list at the end, 
arranged alphabatically, as follows; 
Ghosh, D. K., 1954, Ind. J, Phys., 28, 
485. 

Line diagrams should be drawn on 
white Bristol board or tracing paper with 
black India ink, and letters and numbers 
inside the diagrams should be written 
neatly in capital type with India ink. 
The size of the diagrams submitted and the 
lettering inside should be large enough 
so that it is legible after reduction to one- 
third the original size. A simple style of 
lettering such as gothic, with its uniform 
line width and no serifs should be used, 
e-g-y 
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Photographs submitted for publication 
should be printed on glossy paper with 
somewhat more contrast than that desired 
in the reproduction, and should, if possible, 
be mounted on thick white paper. 

Captions to all figures should be 
typed in a separate sheet and attached 
at the end of the paper. 

The mathematical expressions should 
be written carefully by hand. Care should 
be taken to distinguish between capital and 
small letters and superscripts and subscripts. 
Repetition of a complex expression should 
be avoided by representing it by a symbol. 
Greek letters and unusual symbols should 
be identified in the maxg^. Fractional 
exponents should be used instead of root 
signs. 
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ANALYSIS OF SPURIOUSNESS OF GEIGER-MULLER 
TUBES AT HIGH itMPERATURES 

SATYA PAL PURI aj^ P. S. GILL 

Depabtment of Physics, Mu8li|| University, Alioarh. 

y 

(Received for publication f pctober 19, 1966) 

ABSTRACT. Tho (iommimication is a sequal to tKo earlier i*eport by the 

authors I'ogarding tho toniporaturo-dopondonco of spurious disesharges in Q-M oountors. A 
quantitative coniirination of the conolusionH arrived at therein, is obtained by studying the 
time-distribution of pulses at higher tomporatures by tJie tnei.hod of delayed conicidenoe. 
The results of tho present investigation indicate that : 

(i) Tho dead and transit times roniain constant with temperature. 

(ii) The coefficient of secondary emission remains constant in the (jase of internal 
counters, whereas there is an exponential inci*ease in its value in the case of Mazo type of 

counter. 

(iii) Tho high counting rate decays with the time of heating and tho curve is analogous 

to that of the desorption of tho quenching vapour. ^ 

These observations are discussed in light of possible mechanistiiH and it is inferred that 
desorption of the vapour at high temperatures is the cause of temperature effect. The 
mechanism of emission of tho a<isorbed vapour is not clear. 

INTRODUCTION 

Puri and Gill (1956) studied the temperature-dependence of spurious dis- 
charges in G-M. oounters, and reported that there is a large increase in the 
counting rate at higher tomjKn’atiires and decrease in overall width of the plateau 
characteristic. It was slujwn that, tlu* increase is only in frequency and not in 
multiplicity of pulses as the temperature is raised. The tentative explanation 
was given on the basis of the desorption of the quenching vapour at higher tem- 
peratures. 

In view of the fact that the delay of occurance of a spurious pulse from a 
genuine one is dependent on the mechanism of its production, it was considered 
necessary to study the time-distribution of pulses at high temjK^ratures. The 
present study of time correlation between ionising events will indicate whether 
any time correlation exists between the pulses or that these are randomly distri- 
buted. Also to see whether tho temperature has any effect on dead and transit 
times. 


EXPERIMENTAL SET-UP 

Three counters, all of the self-quenching type with, different quenching 
vapours, were employed in the present investigation. The constructional details 
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of the eoiiiiteris are given in tlie aiieompanyiiig paper (Part 1, Puri and Gill, 1966). 
The counierH coul<l he enclowecl in a. brass cylinder and placed in a thermostatically 
[ controlksl tank, which could be easily raised to any temperature and kept there 
by employing a thermoregulator. 

The time interval analyzer, (Puri and Gill, 1966) was made use of for study- 
ing the tinu*-<listribul-ioii ot pulses, A radioatitive source was em])loyed as the 
source ot radiation. 


() B S E Jl V A T I O N S 

The tinui-distribution was studied at diffcnuit temperatures, keeping the 
overvoltage tlu‘ same in all tlie cases with each type of counter. The counting 
rate decayed to the bat;kground rate with time of heating at the same tempera- 
ture, so the study of time-distril)ution w as resorted to only after the counting rate 
had become almost constant. 

One of tlu^ curves was obtained at th(‘ temperature where no si)uriousness 
had set in, which served as a rcderence for the rest of the curves for the same 
counter. 

Figure 1 gives tlie delayc'd eoineidem^e rate* delay time at temperatures 
of b2°C, IBO'^C, and 128''C respectively for the internal j)etro]eiim ether-filled coun- 
ter. The dead and transit times for this countiu* l emain constant at all tempera- 
tures studied. JJifteriuices in tlie background coiiieidenee rate is due to the fact 



Tig. 1. 


l)olay<Ml coiiicidouco raW voi-sus dcluy time for intomal petroleum ether-fUled 
oouiitcr. 


that, any slight change in the position of the source would change the value 
of r,.. ® 
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Analysis of Spuriousness of Geiger-Muller Tubes^ etc. 

The values of the ( oefficient of secondary emission, as calculated from figure 
1 are tabulated in Table I, mtaking use of the formula (Puri and Gill, 1956) 

r, K 

whore K is the probabilily that a discharge (‘leatos an after discharge ; in 
this case it pertains to the cat hoflic emission only, so it is the eoeffieient of secon- 
dary emission, 

,<4 1 is the area of the 1st }»eak ; 5 SU])eriin])osing the background, 
is the rate of background (*oincidences. 

'i 

is the rate of counting fron| the dir<‘ct channel. This is o1)served from 
the output of shaping circuit in t|e direct channel. 


TAUhR I 





Dead time 

Transit time 

Counter No. Tomj)eratnr(^ 

K 

in 

microsocond.«t 

in 

microseconds 


62<’C 

.2632 

on 

12B 

] 

100"C 

.2169 

95 

126 


128''0 

.2391 

95 

120 

2 

4rc 

.2909 

72 

120 

o 

. 3300 

72 

120 


()0“O 

.1262 

122 

158 

3 

94*^0 

.1977 

122 

158 


124^0 

.2622 

122 

158 


Figure 2 gives the time-distribution for the internal butane-filled counter at 
4rC and 73.5''C respectively, whereas Table 1 gives the dead and transit times 
and the (coefficient of secondary emission for (counter No. 2, as calculated from 
figure 2. 

Figure 3 gives the plateau characteristics for the butane -filled counter at 
93.5^0 at different hours of heating keeping the temperature the same. There is 
a progressive downward shifting of the plateau, whereas the slope substantially 
remains the same throughout. 

Figure 4 gives the decay of counting rate vs time after the rise in 
temperature was stopped and the counter kejjt at that constant temperature of 
93.5°C. This curve can be obtained from the curves of figure 3. 
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Fig. 4. Ddoay of oounting rate versus heating hours after the rise in temperature was 
stopped ani the counter kept at tliat constant temperature of 93°Ci:l®C. 

Figure 5 gives the delayed coincidence rate V8 delay time at temperatur* 
of 60°, 94° and 124°C respectively for counter No. 3. Figure 6 gives the decay of 
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Fig. 5. Delayed ooinoidence rate versus delay time for external aloohohfiUed counter. 
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countinfr rnte vs t ime when the external counter is kept at the constant tempera- 
ture of I24X-. Here axain the (lead time and the transit, time remain constant 
at all temr.eratures. Figure 7 gives the plot of the (sK‘flfi(dent of secondary emis- 
si on against iemy)eriitnr(\ 
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Fig. 7. ("’ooflRciont of secondary omission versus temporaturo of counter for external 
alcohol-filled counter. , . 
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Analysis of Spuriousness of Qeiger-Muller Tubes, etc. 

The data mentionecl abov^^, can be summarized as follows: 

1. The dead and transit times as shown in Table 1 remain constant as the 
temperature is increased in all the three cases. 

2. The values of the coeffic^ient of se(*oiulary emission remain constant in 
the case of internal counters, whereas tliere is an exponential increase in 
its value with temperatuni for the (^xt-erjial counter (figure 7). 

3. In all the three cases, no ])ealv8 additional to that at the room tempera- 
ture are observed, - figures 1, 2, & 

4. The curves showing the d(‘cay of counting rate e.s* ^hne of heating when 

the counter is kept at the samot high tenij) 'Latu!“(‘, are somewliat similar 
to those of the (lesorj)ti(>n of tfie adsorbed \a])our on the cylinder and 
glass surfacjcs. ■ 

T). There seems to l)e no ])ermaneilf ellect oi heating on th(‘ counting rate 
of the ct)unte!\ but for the faejf. that the threshold does not regain its 
original value. 


i)lS(‘USS] ON 

Puri and (iill (11)55) suggested ])()ssibl(' nKa hanisms, which could cNidain the 
temperaturt'-depeiideiice ol counters. In the light of these mechanisms 

the observations of the picsent pa])er are discussed. 

Parkash (1950) offered the suggestion that secondary emission, caused by th(‘ 
impact of positive ions oi merc'ury on tlic ca1hod(‘ was r(‘spt)]isibl(' ioi tlu* high 
counting rate at high temperatures, while doshi (1953) ascribc^d it to th(‘ ior- 
matioji of the* long lived metasta.blt‘s 2 states of meremry atoms with a longm* 
life. If such were th(‘ case the d(‘ad and transit t imes would show an inen^ase with 
tmnperature due to the fact that tin* mobiliti(‘s of the Hg ions are less (^ompare<l 
to that of alcohol. But the results of this investigatioji show that, dead and 

transit timt\s remain constant with t(un])erature. 

Hereford (1950) obtained shorter re(rovery times at higher Umiperatures in the 
case of parallel ])late counter. His explanation was based on the negative tern- 
perature coefficient of higher resistivity ohms -cm) ol Si Og })articl(is on the 

cathode, which might be released on baking th(‘ counter at 425 C. as well as tlu* 
presence of minute droplets in the gas mixture. 1die (constant values ol the (lead 
and transit times observed lor all three countt‘rs show' that in the case ol H-M. 
tubes Hereford’s interpretation does not play any part. 

Parkash and Kapur (1950) explained the high counting rates at higher tern- 
peratures due to increased secondary emission, bec ause the* averagi* eiuugy and 
the number of positive ions is greater at higher temperature. As shown by Puri 
and Gill (1955), the increase in average energy is 

( 3yi^— 6) f^rji where n is the atomicity of the molecule, ^ .385 c.v. 

2 

which is negligible as compared to 200 e.v., tlxe energy due to tlie intense field. 
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Moreover the constancy of the value of K does not lend any support to their sug- 
^estion. 

The reduction of CuO to ( Ju and the oxidation of alcohol to acetic acid, was 
(^ited by Parkanh (1950) aa a possible mechanism at higher temperatures. The 
process of rcdin^tion of copper oxide will reduce the work function and consequently 
will increase the probability of a discharge creating an after discharge. The 
constancy of K in the case of internal counters would rule out this suggestion. 

The absence of any extra peak, additional to that at the room temperature, 
indicates that tlie incr ease in the number of eoimts is not influenced by any external 
agency. Moroo\'er, there is no interaction between the impinging molecules and 
those adsorberl on the cathode, as neitht'r any peak is obtained at twice the transit 
time nor any increa.se in the value of K is observed. There seems to be no emis- 
sion of electrons or- negative ions, a-s a result of the energy freed during elemen- 
tary exothermic r oafttion Iretween the impinging molecules and those adsorbed on 
the cathode as pul forward by Seidl and Roubinek (1952). 

It is observed that in the case of external counter the coefficient of secondary 
emission in(*reases exponentially. As this counter was not baked for a sufficiently 
long period, there may be a release of adsorbed oxygon mlecules. Due to the 
[)resence of oxygen at high(‘r t<miperatures, attachment of the electron formed 
in the initial ionizing event (uin cause a mean time-lag of as much as the transit 
time betvv(»en the passage of the ionizing particle and initiation of the discharge: 
for the mobility of a negative' ion is roughly the same as that of the positive ion. 
Lennard- Jones and Devonshire (1936) analysed that for a given desorption process 

the rate of evaporation of particles per unit area is proportional to A0e 
where x the energy of desorption per molecule from the lowest state and A is 
a (constant. Tlius the amount of oxygen desorbed will increase exponentially 
with temperature, consequently the value of K. 

The feeble inclination of the time -distribution curve in case of external counter 
may be due to the following phenomenon. Ordinarily the impulses of the counter, 
which come just after dead- time, present in general an amplitude too feeble to be 
detected by the input amplifier. Excjeptionally the amplitude of such an impulse 
can surpass the threshold of sensibility, which can take place when the first 
ol the two impulses comes during a period lying between dead-time and time 
of recovery of the impulse which precedes it. Since such a pulse will be accom- 
panied by a lesser space charge and thus will have lesser dead-time, consequently 
w'e get a coincidence for delay less than the dead -time. But such an effect remains 
feeble. 

The curves of Figs. 4 and 6, showing decay of counting rate with time after 
the counter is raised to given higher temperature and kept there, resemble the 
desorption of the vap«)iir at high temperatures. The abrupt fall in the beginning 
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is due to the desorption of the vapour that is held by Van der Waals forces, 
whereas the almost constant part is due to the desorption of the vapour held by 
chemisorption. The adsorbed vapour may be given out in the form of negative 
ions but the mechanism of emission is not clear at present. Some further work 
is required to understand such an emiBsion process. 
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ABSTRACT. Tho work <louo by Wolkor on alloy rooiifiors, by Hoffmann and Roso 
and StroHcho on tlio Htruoturo of Holoniuin barrier layer, and by tlie author and his colleagues 
on the strueliiro of cuprous oxide rectifiers is critically examined. This loads us tO expect 
that a structure' like diamond is necessary for an efficient rectifier. 


1 N T H () D IT C T 1 C) N 

The first reeddfiers were all crystals with a metallic point contact. The crystals 
used were either cubic or those which n^preseiit a close packed lattice. This fact 
naturally led one to expect that^ the rectificat ion might have something to do with 
the crystal stiuc.turc. Tlu* discovery of the barrier layer rectifiers, like cuprous 
oxide or sekuiium, appeared to question the validity of this view. This happened 
because the selenium metal has eitlier a spiral chain or a closed ring structure with 
two neighbours only — i.e. a structure^ which is neither (*ubic nor close packed, 
— and the nature of the crystal structure of the cuprous oxide rectifier m as not 
fully known. Here we shall examine some rccojit work of Welker (1952, 19511, 
1954) on alloy rectifiers, work of Hoffmann and Rose (1953) and of Strosche (1955) 
on the structure of selenium barrier layer, the work done by us (1941, 1955) on 
the stnujture of cuprous oxide rectifiers and some theoretical work specially that 
of Krebs and KSchottky (1954), This leads us to expact that a face-centred cubic 
structure, like diamond or zincblende, is a necessary condition for an efficient 
rectifier. 


VV E L K R K ’ S W 0 K K ON ALLOY R E C T 1 E I E R S 

Welker started with the idea that the most efficient rectifiers (excluding 
selenium) are diamond, sili(a)n, germanium and grey tin. All these have the 
face-centred interpenetrating cubic lattice of iliarnond, in which every atom 
is surrounded by four neighbours w hich lie at the corners of a regular tetrahedron. 
These elements belong to the IVth group of the periodic table. Welker prepared 
compounds (alloys or mixtures)^ by melting together the elements Al, Ga or In 

♦ Presidential addi-ess read before the annual meeting of the Indian Physical Society 
Agra, January, 1956. 
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from the ^roup and P, As or 8b from the group. This gave nine com- 
pounds of the intermetallic type. All these, having a structure similar to the dia- 
mond or zincblende lattice, are compounds of lighter elements and shpw pro- 
nounced semi- conducting properties. Whereas a compound like TlBi, also com- 
posed of elements from the and groups, but the elements of which are 
heavier, shows a pronounced metallic ^aracter. Some properties of these com- 
pounds are better than those of the elements of the IV*’* group, e.g. the electron 
mobility of InSb is 26, 000 cm^/volt sei. Welker also tried to investigate other 
compounds of elements from the IF***’ aiid the VI'** groups and from the I«^ and 
the VII*** groups. In the case of such i^ompounds the binding is more ionic and 
they act like insulators. 


G E N K H A b 1 s A T I G N 

If we generalise from Welker's experiments and ideas, we come to the conclu- 
sion that an ideal semi-conductor rect|fier should have, 

(a) a close packed structure like diamond or zincblende so as to reduce the 
thermal oscillations and in(;rease the electron mobility, 

(b) the intensity of the ionic bond as low as possible so as to i educe the 
width of the forbidden electron band, 

(c) the goal mentioned in (6) attained by tlu' introduction of a homopolar 
character, because this would also give a lov (*ffcctive value for the mass of the 
conductivity electron. 

STKUCTUKE OF SELENIUM KEOTTFIEHS 

The usual selenium rectifiers are fortned on plates which are alloys of cadmium. 
The rectifying layer is formed either thermally by heating under pressure or 
electrically by allowing about 10 times the normal current to flow in the wi»ong 
direction (8perrichtung). X-ray diffraction pictures show that this active layer 
consists of cadmium selenide, and that the rectifier characteristics change with 
the thickness of this layer. Cadmium selenide is known to have two modifications, 
which are isomorphous with zincblende (cubic) or wurtzite (hexagonal). Pre- 
vious workers, (Yamaguchi and Katayama, 1950, Pickar and Morris, 1951) 
could not say definitely whether the structure was of the zincblende or the wurt- 
zite typo. This was essentially due to the presence of small crystallites which 
gave rather diffuse rings. Recent examination of ibe cadmium selenide layer 
by Hoffmann and Rose (1953) by X-rays and electrons shows that the cadmium 
selenide is of the zincblende type and that no wurtzite lines are seen. Strosche 
(1955) also finds that the films prepared by vacuum evaporation and examined 
by X-rays show the existence of cadmium selenide of the zincblende type. The 
rings are rather broaci and correspond to a crystal size smaller than lO"® cm. Thus 
this Sanst recent work on selenium appe^s to justify our generalisation. 
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kSTRITCTUBE of CUPROU8 OXIDE 

Layers of cuprous oxide were formed under different conditions of pressures 
temperatures and processing (i.e. heat treatment by slow cooling after the layer 
is formed). All these layers were examined by electron reflection (Dixit, 1941, 
1955). 

(^/uprous oxide has a cubic structure in which the oxygen atoms lie on a body- 
centred cube, while the copper atoms lie on a face-centred cube. The two lattices 
interpenetrate to a distance of 1/4. When cuprous oxide is formed at atmospheric 
pressure, in the beginning when the layer is very thin, we can see only the face- 
centred rings -y/S, -y/J , but as the thickness increases we also be- 

gin to see the body-centred rings v^2, V6» and v 18- This is due to the difference 
in the scattering power of Cu and 0. But when CugO is formed at low pressures 
(1 to 10 mm of Hg in the range 1000°C to 600°C) for an interval of time which is 
a few minutes, we see prominently the rather broad rings corresponding to -y/S? 

V 27> ^nd V48. (This is true for the bulk of oxide forming the barrier layer. 

o 

The outermost layer at the surface, about JOOO A thick, shows definite (111) 
orientation and recrystallisation). There are two other rings also present but they 
are very faint and rather broad. At this stage the cuprous oxide is able to show' 
a small rectification. The rectification is considerably increased and the low 
resistance becomes favourable by the subsequent heat treatment. At this stage 
we see only the four br()a<i rings \/ 3 , \/l2, \/^» y iS' These rings are really 
arcs, about 30® wide, visible at the centre, indicating that a large number of 
crystallites of CU 2 O are so oriented that the (lll)face is parallel to the substrate. 

The cuprous oxide rectifier is known to contain excess of oxygen but the 
amount of oxygen present is less than that (I)ubar, 1932) given by the formula 
CU 2 O+ 1.5/100 OuO. Perakis and 8erres (1955) have suggested, for the semi- 
conductor, the formula Cu^ Chi'* 0^, where represents the vacancy of 
0u+ ion. 

The general picture of the formation of the CugO barrier layer is as follows: 
At low pressures at which the layers are prepared small crystallites of CU 2 O are 
formed on the surface of the block. By exposing these crystals to oxygen 
at low pressures, it is possible to have a few' oxygen atoms diffusing in these crys- 
tallites, forming a solid solution. During the process of slow cooling most of the 
excess oxygen is ejected out retaining a few oxygen atoms, as required by the for- 
mulae. 

Let us assume that the structure now becomes the same as that of the zinc- 
blende lattice and that in addition a homopolar character is introduced in the 
bond. Consider a cube side 4.26 A, the length of a CU 2 O cell, and assume that 
the copper atoms are situated at the corners and the centres of the six faces of 
this cube. Divide this cube into eight smaller cubes, with lower cubes 1 , 2, 3, 4 
and the upper 6, 6, 7, 8. In the normal Cu^O crystal the oxygen atoms would be 
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at the centres of cubes I and 7 and they would share electrons from the copper 
atoms associated with these cubes. Suppose now that a hoinopolar character 
is developed in this structure. Then we could expect, that the oxygen atom which 
was in cube 1 and which was sharing electrons from copper atoms associated only 
with cube 1, can now share at different successive times electrons associated with 
all the copper atoms in the nearest oiibes 1,2,4 and 5. Similarly the oxygen 
atom which was in cube 7 can now sl^are at different successive times electrons 
associated with copper atoms in its nearest neighbour cubes 3, b, 7 and 8. The 
sharing of these electrons is really eqi|ivalent to tlie oxygen atom 1 occupying 
successtively positions at the centrosiof cubes 1,2.4 and 5 and oxygen atom 
7 occupying positicjns at the centres cf cubes 3, 6, 7 and 8. Such a distributed 
attachment is characteristic^ of i-he hcitnopolar bond and the particular distribu- 
tion suggested above between the neaipst neighbours corresponds to what should 
be expected from the zincblende lattici. The formation of this kind of structure 
is probably helped by the dissolved oxygen which is slowly removed during the 
process of cooling and yet permitting some ex(^ess oxygen to stay behind. In 
this process we visualise a copper atom getting used to more than its normal share 
of oxygen, but this being no longer permanently available is made available 
on a time average basis. 

The result of this kind of combination ^\i\\ be to reinforce the rings 111, 222, 
333 and 444 and almost cancel all others. Further 222 and 444 will be stronger 
than they normally would be. This is exactly wliat we observe. The breadth 
of the rings observed suggests that the crystal size is small but this is not un- 
expected in the light of work done on cadmium seleiiide. Thus our work on 
cuprous oxide rectifiers also appears to support the generalisation we have made. 
As a matter of fa(4 , the generalisation has enabled us to interpret the results we 
had already obtained. 

D I S C U 8 S I O N .AND T O N C L H 8 1 O N 

Let us now turn to the theoretical aspect of the problem. In the theo- 
retical investigation of semi-conductor rectifiers we must consider the following: 

(а) The width of the forbidden electron band. 

(б) The mobility of the electrons or holes. 

(c) The mechanism which produces assymmetry. 

Let us consider these points in that order. 

The width of the forbidden electron band depends on the binding energy of 
the atoms concerned. In general, an ionic binding is stronger than a homopolar 
or covalent binding and an ionic binding indicates a broader forbidden electron 
band. The widths of the forbidden bands are 6 to 7 volts for diamond, 1.1 volt 
for Si and 0.7 volt for Ge. For a good rectifier, with an appreciable current car- 
rying capacity, it is necessary that the width of the forbidden electron band should 
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be Hmall. That is why Si and Ge are widely used. But we could also choose 
an ionic binding and reduce the width of the forbidden band. This could happen 
if a part of the ionic cl.aracter of the bond is replace<l by a homopolar or covalent 
character. Such a partial replacement gives rise to a quantum mechanical re- 
sonance between the homopolar and the heteropolar components, and an exact 
calculation of the res<.nanc.e will enable us to predict the semi-conductor rectifier 
propertieH of the (lonipoundK. 

Now let us turn to the .second question of the mobility of the electrons or the 
holes. In this connection we have to consider the effective mass of the conducti- 
vity electrons tinrl the thermal oscillations of the material through which they 
have to move. The effective mass of the conductivity electrons can be obtained 
from the energy spectrum by a differentiating process and we find that the homo- 
polar binding is able to give a low effective value to the mass of the conducti- 
vity electron. Thus even here the homopolar character appears to be favourable. 
The thermal oscillations are least in a lattice which represents most closely packed 
atoms. The best lattice of this tyjje, from the point of view of a good rectifier, 
is the diamond or th(^ zineblende lattice. This type of lattice in addition to being 
a most closely packed lattice also happens to favour homopolar binding. This 
peculiar crystal struc*tiire, ther(*fore, could be expected to help in the formation 
of a good rectifier. 

Turning to the third aspect, ^^v observed that Mott (1940) and Sohottky 
(1939 and J042) explain the assymmetry as due to the presence of a barrier lay.T; 
a chemical layer or a ])hysical layer respectively. Tn the barrier layer with a 
diamond like struct ure every atom has four neighbours at the c-oriiers of a tetra- 
hedron. They are bound by exchange forces between the electrons, in the quan- 
tum state of a (sp*) hybrid. The binding electron pair is practically localised in 
the space between two neighbours, so that every (sy>^) eigenfunction becomes one- 
sided and situated near the neighbour. In the ease of ionic crystals like ZnS, 
zineblende, the p-electron system is comparable with the TT-electron system in 
organic compounds. In such a ease the eigenvalues of the p-eleetrons can have 
large values in two directions separated by 18d°, thus producing a spin-like coupl- 
ing. Such a eoui)ling gives rise to a resonance and a sort of directed homopolar 
bond. This may be regarded as a probable cause of assymmetry in the physical 
or chemical barrier layer. 

Thus our investigations lead us to expect that a very close-packed structure 
like diamond or zineblende, which is favourable for the formation of a super- 
imposed homopolar bond, is very helpful in the formation of a good rectifier. 
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ABSTRACT. Wo have hort^ calculated the aiiomalouH magnetic momeiit8 of tlio nu- 
cleons with the lielp of a fourth older meson equation given by Bhabha and Thirring. The 
olectromagni^tit! ciuTont density of this meson field lias been evaluated for our purpose. The 
results are in much better agreemtait with the ex]»erimontH than what we get in conventional 
mesou theories. 


1. INTRODUCTION 

Several aticaipts have been made to get a correct value of the anomalous 
magnotio moments of the nucleons making use of conventional meson theories 
(Case, 1949 ; Slotiiick and Heitler, 1949 ; Borowitz and Kohn 1949 ; Goto, 1954)) ; 
Except for partial qualitative success, the disagreements of the results obtained 
by them with the experiments are too conspiiuious. Even the ratio of the ano- 
malous neutron and proton moments is almost eight times the experimental value, 
although this ratio is independent of the rather uncertain coupling constants. 
The treatment of Sachs (1952) with the help of a definite model is more or less 
made to agree with experiments; but the arbitrariness of this model is an essen- 
tial defect of this approach. Such failures suggest that an altogether different 
meson theory may help us in this direction. We have here chosen a foui’th order 
meson equation given by Bhabha (1950) and Thirring (1950) for the consideration 
of the same problem. It is seen here that for our calculations no infinite renor- 
malisatiou is necessary and that the values thus obtained agree with the experi- 
ments to a much greater extent. 

2. FIELD EQUATIONS AND MESON CURRENT DENSITIES 
The fourth order meson field equation is 
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The invariant lagrangian density L(x) which, with the general field equation 

= 0 . .... ( 2 ) 


dL 3 dL 

dx^ ^ dx^dXf 

dxa dxndx„ 


gives us the field equation (1) which can be written as 

L = 1 - iKV .. (3) 

\ 2<c* Bx^ dxj^ i dx^ dXfi ® / 

Here we have adopted the summation (»nvention for repeated indices, and 

^ ->2 I 

X = (z, ct) and = x I 

For our purpose it is necessary toiMeduce a current density for the above 
field. The lagrangian here contains tie second order derivatives of the field 
operators. But proceeding according |b Wentzel (1949), the gauge invariance 
of the first kind enables us to write th> current density as 


= -ie{ 


3a:„^ aVi 3*/ 

dxu ''dXfi.dx^ dxjdxi, 


-the complex conjugate expression} 




dSn 


where e is a constant related to the charge. A direct evaluation of ^—^with the 

OXfi 

subsequent application of the field equations(2) gives us 


dXi \ 


dL_ 3^ dL_ 3^ _ 


^ d^i g dXfi,dXx 

dXft ^dxjbxv 


C,c. 


But the above quantity is the coefficient of a under an infinitesimal gauge trans- 
formation exp (ia), exp(“?a) and thus must vanishy This was 

at the basis of the choice of the current density (4). Thus for (3) we obtain 




( 6 ) 


However, when there is an external electromagnetic field with the four vector 
potential .4^, then the lagrangian density (3) must be changed to ^ 




<7 _ ie 
dXfi fee 


)\{ 


A 






and equation (1) is to be dumged similarly. 
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Thus by (4) the current density becomes 

ji! 6 ,-^ A- )_ ‘ ( w.! Dv-g 

dx^ dx^ I 2 kM dXft 9x^ 


%6 

he 


'a 




^ A A 


1 /d^, 


\ dxp dx„ 


2e* I 


A/iAfi^. 


(7) 


Here we have made the substitution et^ejhc and have arranged the terms in 
the ascending powers of «. 

The continuity equation follows from the gauge invariance of the first kind 
of the lagrangiau density ( 6 ). The theory is also invariant for gauge transforma- 
tions of the second kind (Wentzel, 1949, p. 68 ), this gauge invariance being neoes- 
dA dA 

sary since determines the electromagnetic field. 

In our calculations we shall keep only the terms involving the first power of e. 


3. GENERAL THEORY 
We can take the Tornonaga equation as 

Here H{x) = ' 

Hi{x) — ifJ^(x)y^T^\lr(x)^^{x) ... ( 8 ) 

ar^==j^A^^-ie^hzL^ ... (9) 

H‘i* ^s^Af. 

... do) 

In the above r^, r^, are the isotopic spin matrices, T 4 is unit matrix in isotopic 
spin space, xjf is the nucleon wave function denoting the proton and neutron states 
for r 3 tts ^ 1 respectively, 55 ^,^ = 1, 2, 3 , 4 are real fields, pseudoscalar in space- 
time with the corresponding complex fields describing the charge mesons given 

^ ^ fett which has been applied in 

deducmg (10). /^ ==: 1, 2, 3, 4 are the corresponding coupling constants for 
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the above fields. As mentioned earlier in deducing (10) we have neglected the 
higher powers of e. The anticommutation relations and the vacuum expectation 
values for the nucleon fields are written as 




<P(K{x)ffi{x'))> = 


-X') 


where == A. +Ko)i^aM*) 


= --2il{2n) 


exp (ikf^Xf,). 


( 11 ) 

(lla) 

(llb) 

(llc) 


The integral in (11c) is to be understcpd with the usual convention of adding 
a small negative imaginary part to the mass of the nucleon. 

The commutation relations and th| vacuum expectation values of the meson 


field can be written as (Thirring, 19.')(1). 


\^^(x), ^„(x')] = itic S^^D{x—x') 

- (12) 

<P(4>ii{x)</>„{x'))>o = S^„D^x—x') 

... (12a) 

where Dj(x) = d*k(k^+K^)-^ exp (ifc^x^). 

... (12b.) 


The convention of the (12b) integral is the similar to that of (11c). The k* was 
introduced in the above integral to keep the dimensions of the propagation func- 
tion remain unchanged; it could as well have been absorbed in the hamiltonlan, 
as has been done by Thirring. 


4. CALCULATIONS 

Because of the presence of the virtual meson fields, the electromagnetic pro- 
perties of the nucleons will be modified. In the second order for the meson field, 
this change is given by (Case, 1949) 

flO o» 

H'etAXo) = i(-»7^c)*| I 

-0» -00 

which are split up into the terms 

m » 

Hiixo) = f '***' 1 


... ( 13 ) 



20 


8. P, Misra and B. B. Deo 


HJx.) = r WiL AuiXo) f d% f d% 
2A3c» .J, 


OS flo 

+ J^(a:o)(l/2-<*) ( d«x, J d% P(hxx)T,y,nx^)^(x^)T,y,f{x^) 

>-go ~ao 


x-p (».w □•#.)#.(».)#.(».) - (W 




Equations (13) and part of (14) are identical with those of (Case, 1949) (equations 
(20) and (21)). 

For our problem we now take the one-nucleon, zero-meson vacuum expectation 
values. As has been shown in the appendix, then we can write in terms of a 
Single momentum variable 


H,{Xo) = - I d*kf{x,)Ty,y,y,i,{x,) 

and 

^2(*o) = “/x/a A^{xa) ^ J difc (xo)T3t y.^r (Xo) 
^ (K~P',.){P^-k,) 


ih^.){P,. -K)(Px -^h) 

(K + •< j((*A -P^f + K^nK- P'^f + X*)® 


(13) 


(16) 


The description of the symbols appears in the appendix along with the calcula- 
tions. Using the representations 


l/(o6c) = 2 jdx j iff(oy-6(x-y)-c(l-x))-» 
0 0 
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for the product denominators in (15) and (16), we get 

Hi = ^J^A^(Zo) ~ 6 f d*lk (dzldv 

, 2 ,r‘ J J J y (kl-2UP\y+P,{x-y))+K\\-x))* 


•ft 2 1 * 

~ 2^‘ ® I I dx [|?y(l-a:)y(Xo)Ts»y»\^(x) 


. 0, 


I 


(i!;-2fe^(P^(a:^+P'^(l -a;))+K'(l -2y)+ic*(l-y))* 


) 


{k„-P,'^^-P^)(k^ -Px) 


(V-2fc,,(P^(a:-y)+P'^(l-x))+«;(l-2y)+K*(r-j^))» 


We find that the ^-integration above is automatically convergent, 
as in Feynman, (1949), we get. 

== t* \dx]dy(l-x)Hxo)mi)-» 

0 0 


Proceeding 


M-YpYl^Y\i^P,y-PpX){^Ply~PlX)+y^Kl)1lr(x„), 

where 

Ki = y(x-y){hP,Y-^x) 

4>{x) — K’a:*+K*(l— x) 
and hPy = P„— P',. 

Similarly 

I Z 

Hi = <*y(i-“')’^(®o)’‘sy.\^^(»o) 

0 0 

(jrj)-*(2(xAP,-yP.)((l-x)AP^-yP,)-d^.ir,) 

1 X 

^4" -■ 1 1 dy(i-»)(*-y)^(»o)r, • 

8ff%c dxoK J J 


(17) 

(18) 
(19) 


[(Ki)-\y,{hP,(\-x)-^P,y)+y,{M>y(l-x)-P,y)) 
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where 

In (Inducing (20) we have used 

f kpkiJc^d*k __ TT* f4QpQ\Qii 
} (K-2kjpQ7^)^ 48il(Ql+A)o ‘ ' (Qi+A)* 


and the continuity equation 


=s 

dx. 


Ofi 


Equations (17) and (20) are simplified by repeated use of (A3) and the anti- 
commutation rules of the y-matiices. We also use the result 


with 


<f{xo)(2iP,a)^{x„) =■ lf(a;„)(<r^.AP,-2K„Y^4.tAP;.)f(!c) 


(rpp=(—i/2){r^y,—y„r.,) 


We also use the result 


1 = -iAPp j A^(ar„)lf(Xo)Q f{x^) ••• (21) 

(21) is employed to simplify the secijnd term in (20). It gives as a particular case 
that terms of the type 

(constant) !f(a:Q)AP^/((APp)^)^(a;) 


are effectively zero, as has been mentioned in Case (1949). 

Now we write, 

I U- 

«*}*(*{ dy(l-x)nxo)T[(K,)-^K^^a^AP. 

n U 

-y;,(Zi)-2(KoV+^(a:))+7^(0(jr))“2(Ko2ic24.0(a;))] 

The last term above inside the square bracket has been added for renormalisation. 
It is to be noted that this renormalising term is finite, as has been mentioned in 
the introduction. The physical significance of this renormalisation may be realised 
when we see that the matrix element above vanishes when AP is zero, and that 
the correction due to ronormalisation is independent of the momenta P and P'. 
We may also add that the concept of renormalisation has nothing to do with 
the divergencies as such, although necessarily the arguments are more consistent 
when the renormalising terms are finite, as is the case here (Kallen, 1953). Thus 
Hi simplifies to 

. IX 


-(^i^(x))-2yM9(x-y)(AP^)S(Ko®»*+^(»)) 


..V* 


( 22 ) 
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JW th© simplification of we remember (21) and proceed in a similar way as 
before* Thus we get 

dy(\-x)hxMK^)-^K^,APv 

0:1; O 

-(!—*)(#— y)(AP„)®(94(y)—2Ko*j/*)^jr(ar) ... (23) 

H 

-f* terms that involve (AP )* throughout and thus by the subsequent section will 
not contribute anything to the magnetic moment. 

5. M A G N p] T 1 (| M O M P: N T S 

The terms involving above |vill contribute to the anomalous magnetic 

moments of the nucleons. For this piipose we neglect (AP„)^ and write A^(Xq) 

^(xQ)APj,r^{xQ) in the form + i i-be F above being an operator 

OXqi, 

depending on the y’s and the r’s. This gives 

Hi ==» ti^Ffi^(xQ)^(x^)T (Tj^ipt/r{xQ). 


where 


H 2 = 


Fi = I rfa; I dy((^(x))-H(l—x)Kt^), 


1 X 

lg= I da; I dy(^(y))-*({l~x)K^^). 

0 0 - 

This finally with H = giving the only nonzero kennzahlen of the 

field tensor and with the usual spin matrix vector <r we get for a proton 

H',. = ( - • fiVW) 

16jr%o 87r*frf. 

and for the neutron 

- X. -V'- 

Ja^he sihove/i = A = be^n taken. Confining our attention to the symetrioal 
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theory (/i — h= fz= ft h—^) g®*- ^^® respective anomalous magnetic nm^ 

ments as 

8w*Ac ' * * 


and 


A/ti, (/*+A) 


The integrals /j and 1 2 are elementary although lengthy. Evaluating them 
we have 

/, - (- 3 / 2 +J 1 »( 1 /A)+ (18-13A+2A>) co8-i(AV2) 


-'‘IXl/A)), 


and 


'=-4 (l-i I-.(I/A)+?- 4 ^+|¥co 8 -.(A./ 2 )- 


where 


A = I -!L. j . WithA* = 0,16, we get 
/j = -^ 0.86 heariy, 


4(4-A) 

+i 1m(1/A)-4A). 


and 


Hence 


and 


— 


1.20 nearly. 


Afip = (£?*/4ff*fec) 0.80 


= —{(^t4:n%c) 2.00 

where the quantities are eicpressed in nuclear magnetons and we have substituted 




= O. 


Thus = 0.40 nearly. 

If we take Afip = 1.79, then G^lin^kc = 7 nearly, 
and if we take A/tjf = -1.91, then G*/4»r*Ac = 3 nearly* 


... (24) 
... (26) 
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DISCUSSIONS 

The above results are in qualitative agreeinoiit with experiments as regards 
the signs and the relative magnitudes of the magnetic moments. The quantitative 
values, though not satisfactory, do not ‘contradict violently the experimental 
results’ (Goto, 1954) as in earlier theories. Our result 2.50 for the coupling- cons- 
tant-independent ratio |A//y/A//j>) is a significant improvement over those of 
Case (1949), and Borowitz and Kohn (l|^49), which is 8 nearly, as compared to 
the experimental value 1.07. Even t4e relativistic cut -off method of Goto 
(1954), yields the value 3.1 nearly, whi^h is slightly worse than ours. 

f’ 

Again, the calculated values of|thc coupling constants in (24) and (25) 
do not- differ widely (previously they diflfered as much as 56 and 7), and although 
the values thus obtained are comperati>^ly small, they arc not small enough 
to make the second order cahailation^ very reliable, and the differences still 
present may be attributed t,o this fact. 

In (»ur (uilculations here no infinite renormal isi it ion was necessary, which 
is an encouraging feature of this themry. But it may he noted that higher order 
corrections to this theory will contain infinite rt‘normalisations, since the meson 
sclf-euiergy remains unchanged. Thus the })rocess(‘s which involve this graph 
will have to be dealt AA'ith more or l(‘.s.s in the usual manner of subtracting 
infiiiite (piaiitities. 


A C 1C N () W L K f) a M K N T S 

The authors wish to express their sincere thanks to Dr. D. Basn for sugges- 
ting the problem and also for jioiiiting out an error in the calculations. 


A P P JS N J> 1 X 


Evaluation of fiTj: 

After taking the vacuum expectation values, we can write 
where 


- 


OB W 

= (x„) I d*Xi I Of. (xi-x^)^{.r^)y^ry\{f{x^) 


and 




Hp{T,,yaSf(x„—Xi)yf, ^ Sfix^—Xg)) ... (Al) 

*8fec ^ d*xJ'(x^)yf,T„Sf[Xo~ Xj)y^ 


4 


1 
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To evaluate we note that the spur written down in (Al) vanishes, as has been 
shown by Case (1949) with the same quantities as in (Al), but with a different Dp 
function. Thus the arguments of Case for the vanishing of the with the con- 
ventional Dp function continues to hold here as well. 

Rearranging the isotopic spin matrices, H can be simplified to 


HI- 


where 


Also we take 


A^(Xa)^d*jr^ J 

-C» -«o 

^ix^)Dp(Xi—x^), 

T ^ - (A2) 


t/r(x) — u,,(ixp(iPiiX^), ^{x) — u'j, exp(—iP'^x^) 

such that PI — P"^ •— — K,;. We now represent the invariant functions by 
means of the; integrals (11c) and (12b) and integrate with respect to and x^, 
giving rise to t^-functions with the help of which we finally express 


HI' = - 2ni 1 


V «o)yA(*y\(/\i '‘o)y5iAW 

With repealed applications of the results 

(iyfiP,AxQ)t^p^ft/ ••• (A3) 


and y“ 1, the above expression for can be seen to simplify to the expres- 
sion (15) already written down. 

Evaluation of : 

We first write 11^ = where 




(( oil: £-) 



-00 






dx„ 


dx„ 


^^nu. 
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The calculation of is similar to that of Case (19451), and proceeding as 
before, the final result can be written as 


2frc 27r^ I 

_ (K~p;)(p,-k,) 

To simplify /// we note that ^ 

y^im m„n dXf,ii 

i 

= (feV/4)(A,A,- -Dp(x„-x,) 

This gives 

« m 

2 =~ ,)^2 f I 

00 - (JO 

X I Dj,(x„-Xi) ^^niP>M,-x^) <^ntDp(x^-x^) 

oxqii ax Qn J 

We now use r^Tg = ~~TzTi (A4), the Xq integration is implicit. 

Carrying out partial integration with respect to and using the result dAfiix^) 

= 0, the second and third terms inside the square bracket can be seen to be res- 
pectively equal to the first and fourth terms. For examlpe, 

«• 

' j dx^fiA ft{XQ) - 


— I ^^ofi ^2))'®y(^o ^i) 


= ]dxo,AM Dr{x,-x,). 
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But again applying partial integration two times in the different variables for 
the fourth term in (A4), we obtain this term as equal to 


{d*x„ [d„(*„) +2 1 Df{x^-x^) 

] « L ' " dx^v J 


where we have applied = 0. 

Tlni« we ^et 


OO OP 

/// = - j d\r, j -d^x.JP(x,)T.,y,fij,i^,-x,)y^ir(x,) 


-ao - JO 


f A,dx.„)Dj^x,-x,) * 2 ) 

l)^x^~ A) f -"'a) 1 , 
tTAy dXnU dXm, J 


aA^ 

dx^ 


We again apply the ijitegrals (lie) and (12b) and thus finally obtain, as in case of 
//{’and //'a, 

2n* 1 

A,(x„){k„—P’,){P^—h,){r^—hf-i ^MA (]C„—P',)(P^~K)(P^—K) 


dx. 


ox 




Thus adding the values of i/'g and //"g and simplifying, we got the value of Hg 
as mentioned in formula (16) earlier. 


R E F E R K N O E S 

Bhablia H. J., 1950, Phya, Rev., 77, 665. 

Borowitz S. and Kohn, W., 1949, Phys. Rev. ,76, 81 S. 

Case, K. M., 1949, Phya. Rev., 76, 1. 

Feynman, R. P., 1949, Phys. Rev., 76, 784 (appendix). 

Goto H., 1964, Progress of Theor. Phys., 12, 699. 

K&llon G., 1953, Physica, 19, 850. 

Sachs R. G., 1952, JP%«. Rev., 87, 1100; 

Slotnick, M. and Heitler W., 1949, Phys. Rev., 76, 1645; 

Thirring, W., 1960, PhU. Mag. 41, 663. 

Wontzel G., 1949, Quantum Theory of Fields, Intersoience Publishers, p. 68 



4 


ON THE NATURE OF EXTRA REFLECTIONS IN THE LAUE 
PHOTOGRAPHS OF SOME DIAMONDS OF KNOWN 
RELATIVE FLUORESCENCE EFFICIENCIES 

S. STRKAU AND S. N. SEN 

OPTirs Department, Indian Association ton the f'l’ETivATroN ok Scieni'e, Jadavpub, 

(Received for publivntifih^ Novemhe^r 25, 1955) 

Plates lA, ik, 10, & ID. 

ABSTRACT. Tho positions and approftiiuate rolativo intonsitios of extra sjiots accom- 
panying the {Jll} Tofloction in tho JLau(^ pli^tographs of eleven specimens of diamond have 
boon detiormined using a Seifert X-ray tube provided with a co])po!‘ target and nickel filter 
and running at 30 Kv, 28 uiA. In order to nioAsure the directions of extra reflect ions aociiratc'- 
ly in some cases the front surface of the crystals as dusted with powdered NaCl, so that tht' 
Dobyo-Schorrer pattern of XaCl was superimposed on tlio Lane p}iotogra])hs. The 8])eciiuon8 
studied were used by Bishui (11150, 52) in previous investigations on the relative intensities 
of the fluorescence band at 4156 A and on the ultraviolet absorption linuts. The results 
show that all tho spooimons exoe])ting D 0 f) 088 ('MS partial moHaic structure, so that they jw- 
duce extra reflections from { 1 1 1 ^ planes of different intensities in the direction making an 
angle 'Idp with the incident rays when the disorientation from tho Bragg angle B jj ih loss 
than 3'’. 

It is observed that neither the intensities of tlw extra reflections nor those of the extra 
reflections in other directions present in tho Lauo photographs of some of the crystals can 
bo correlated either with the intensity of tho band at 4156 A or with the impurity present in 
the crystals. Also, those intensities cannot be correlated with the respective tbioknessos of 
tho specimens. 

1 N T K O D IT C T I () N 

Jt was first .shown by Lonsdale and Smith (1941) that the secondary X-ray 
reflections consisting of groups of extra spot s observed in the Lane photographs 
of diamonds of Type I do not appear in tiie Jjaue photographs of diamonds of 
Type II. Later, Lonsdale (1941) reviewed tho existing theories put forward to 
explain the origin of these secondary extra reflections and pointed out that all 
the observed facts could not be explained .satisfactorily by any of the existing 
theories. Guinier (1942) put forward a new theory in which he suggested that 
partial irregularities of spacing along the cube edges might give rise to these extra 
reflections. Lonsdale (1948) studied the divergent-beam X-ray photographs 
of specimens of diamond of Type I and Type II and observed that diamonds 
of Type I produced bad divergent-beam photographs which showed that the 
crystals had perfect structure. On the other hand, all Type II diamonds studied 
by her gave excellent divergent-beam photographs. So, she pointed out that 

29 
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(juinirr's hypothcsiB could cxphiin many features of the extra spots 
.satisfactorily it was difficiilt to understand why su eh partial irregularity in spacing 
should occur only in diamonds having a perferd. structure and should be absent 
in ’i’yp^* diamonds liaving a mosaic vstructure. More reccuitly, Grenville-Wells 
(lt)r)2) studied tlH‘ divergent-beam photographs of 38 specimens of diamond of 
different (qualities and also the relative^ intensities of the fluorescence and the 
sec^ondary extra reflections produced by the.se diamonds in order to And out whether 
the textuF(‘ of the s[)ecin)ens could Ik‘ correlated with their counting properties, 
which had Ireen d(‘t(*rmined along with the ultraviolet transparency earlier by 
(3unnpion (lOog), and also with the intensity of extra reflections produced by 
the.se diamonds. Tlie r(‘sults obtained by her do not confirm the (jonclusions 
flravvn by Lonsdah' (1942) that only diarnojids having ])erfect structure produce 
inten.se extra ndleclions anrl tho.st^ having mosaic stnudure do not produce such 
reflections. Sfjrne of the specimens ])rodu(ie(l neither good divergent-beam 
pluitographs nor .secondary extia reflections while some other specimens produc- 
ing good exti'a reflections yielded good divergent beam ])hotographs. She also 
proved conclusively that the intensity of fluoresc^ence^ of the diamonds could not 
be correlated (dther with texture or with the intetisity of extra reflections. 


There are. however, s(‘V(*ral points which are not (piite clear from the results 
reported by (h’(‘nville-Wells (1952). Flr.st, while studying the extra reflections, 
she considered only th(‘ intensiti(\s without measuring accurately the directions in 
which the.se extra leflections took ])Jace. It is not known whether some of the 
specimens giving good divergent beam ])hotograpbs also praaiuced sharp extra, 
reflections in the* direction ma.king an angle ecjual to double the Bragg angle 
with tin* incident X-ray.s. jndieating thereby the existence of mosaicity in the 
crystals. Sec'oudly, as regards tin* fluorescenci she probably estimated the total 
int(‘nsity ot the light emitted by the crystals Avithout considering its spectral 
distribution. It was shown by Hishui (1952) that diamonds should not be classi- 
fied as Type I and Type 11 on the criterion of mere traiisparemy in the ultraviolet 


region, becaus(‘ specimens having absorption limit at 2300 A., but showing ab- 

sorpthmbamls at 230(1 A^uld 2303.5 A give fluorescence band at 4156 A 

and the.se should l)e classified as Type 1 diamond. Bi.shui (1950. 52) estimated 
the relative fluorescem.e efficiencies at 4156 A of 14 .specimens of diamond and 
also studied the ultraviolet absorption limits of the specimens. The present 
investigation was undertaken to find out whether there was any correlation between 
the intensity of the hand at 4156 A and intensities of the extra reflections given 
iy these diamonds. It was a.lso intended to attempt at a separation of the re- 
flection due to mosaicity from other tyjies of secondary reflections not satisfying 
Bragg s law for Cii Ka radiation and to And out whether these residual extra re- 

flections can he correlated with either the intensity of the band at 4156 A or with 
the ultraviolet transparency. 



Extra Reflections in Lane Photographs of Diamo nds 
EXPEllIMENTAL 

The ]^ue photographs wore taken with a ('vliiulrical cuinoiu having a radius 
of about 5.1 cm in order to measure tlie angles accurately. The divergence of the 
X-ray beam incident on the crystal was about 2‘"1S'. A Seifert X-ray tube giving 
28 m.A. at 3(1 Kv and provided with (‘Opper aiiticathode was used in this investi- 
gation. A nickel filter was used to cut off the Cu K// radiation. An exposure 
of 2 hours was required for getting inte^ise Lane photograph of diamond. As the 
crystals were all of large size th(‘ Laii0 spots v^ert* elongated in tlu' direction at 
right angles to the }»laiie of inci<lem‘e (jor res] )on ding to the wicith of the incklent 
beam. The horizontal width of the vertical Lain* pots Is. hovvev(‘r, determiiUMl 
mainly by the thi(;kne s of the crystitls. becau. (' I wo divergent rays, refleeted 
by two parallel ])lanes in the crystal Jiiodino two convc^igent rays, the angle of 
conv(^rgence being equal to the angle W divergenc(‘ of the ineideiit rays. The 
distance of the point of coiivergemo ii4 D cos '10, where /) is the distuju^e of the 
slit from the crystal and 0 is the gl4ncing angle. Tlu* diamonds used in the 
present investigation are tlu' same* as those us(*d hy Bishiii (1950.52). The thick- 
ness of (crystals varies form .()47 mm to 2 mm as shown in Tabk' 1. The ultraviolet 
absorption limits of most of these diamonds are also given in this table. 

The specimen D 13 gave no fluor(\seen(^e a.l 4150 A and I) 4 ])r(jduet*d an (‘X- 
tremeJy weak ha-Jid at this position. So, these Iw o were* classified as Ty})e II 

<> ij 

diamonds. I) 11 and D 14 exhibited al)sor]/tioji bands at 23<iO A and 2303 A 
and gave strong Ouon'seenue bands. Thes(‘ two diamonds we?*e (dassifierl by 
Bishui as diamonds of Type 1. 


TABLE I 


Sj M-lillHMI 
iiHod 

\ hicknoHS 
in nun. 

T) 

1 

1 

i> 

4 

1 .r» 

1) 

0 

2.0 

D 

7 

1 .3.^i3 

D 

8 

1 .30 

D 

0 

0.8 

D 

10 

i .<012 

D 

1 1 

0.052 

D 

12 

0.047 

D 

13 

0.838 

D 

14 

0.812 


UV lOll 

lnujl 111 A.IJ. 


2:tuu 

moo 

i.'iaO 

2810 

2270 (n.bKorptioji baiiciK 
at 2300 oitj.) 

2720 

2240 

2300 (absorption bands 
at 2300 otc.) 
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Preliminary investigations showed that some of the specimens produced extra 
reflections in the directions making an angle 20 with incident rays, where 0^ is 
Bragg angle for {I H) plan(3.s of diamond for Cu Ka radiation. In order to verify 
this, attempts were made to measure the angles correctly by superimposing Debye- 
Schcrrer photographs of rocksalt on the Lane photographs. This was done by 
(lusting the front surface of the specimen with fine powders of chemically pure 
NaOI. It was found that when both the surfaces were dusted in this way two 
sharp ring systems of Nad were produced corresponding to the two surfaces 
separated by the thickness of the crystal. This happens because in the case of 
reflecjtion by powdert^l crystal, the partial focussing effect observed in the case 
of Laue spots is absent. So, care was taken to put a narrow line of pow’dered 
NaCl on the surface of the crystal through which the X-rays emerged. In measur- 
ing the distance of the crystal from the film, half the thickness of tlie crystal w^as 
added to the distance obtained from the position of the Bragg reflection from the 
(22(1} plane of Nad. As this spacing of Nad and that of (1 1 1} planes of diamond 
are near to oatdi other tiie angle between tlie reflections from these two planes 
eould he measured very ac(*urately by this method. For each diamond several 
Ijaue ])hotogra])hs wi're taken with different disorientations from the Bragg angle. 

I lie angle between the direction of the incident beam and that of the Laue spot 
due to (1 1 1} plane and the (jorresponding angle for the extra reflection accomj)any- 
ing it were measured a(u*urately in each case. Altogether eleven specimens were 
studied. 


RESULTS AND DISCUSSION 

Nome of the l^aue photographs arc reprt^duced in Plate I to sliow that in some 
of the pliotographs the extra reflections are extremely sharp and their p( 3 sitions 
(;()uld be determined ^'ery accurately. The results are tabulated in Table 11 in 
which 20 is the angle made with the incident rays by the ray corresponding to 
the Laue spot and 0~\ ^ is the angle made similarly by the extra reflection. The 
approxinuiii* intensities of extra reflections are indicated as strong, medium 
weak and V(-ry weak by the letters s, m, w and v.w respectively. The widths of 
tile extra reflections are given as sharp, broad and diffuse. The intensities of the 
fluorescence band at 4150 A are taken from the results reportt^d by Bishui (1950, 
♦)2). As regards D1 aiidl) 4, absolute fluorescence efficiencies were not determined 
by Bishui, but visual examination of the spectrograms shows that the value of 
the constant K is about 0. 

It can he seen from Table 1 1 that all the specimens, excepting D 6, give extra 
reflections in the direction making an angle of about 43*^56' with the incident 
rays for diffierent positions of the Laue spot. This shows that these extra reflec- 
tions are produced by the Bragg reflection of Cu Ka rays from the {111} planes 
even when the glancing angle is slightly different from 21^58'. This is possible 
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PLATE 1/ 



Fig. J. Diamond D I. | I I 0 | vertical. 
(,a) 2^^=3}r2U' 4- V --42^51' 

(b) 2(9.:=42"20' <y + V =-4:m' 



Fig. 2. Diamonds D 4 and D 9. j 110) vertical. 

(a) D 4 ; 2^=4r5l', d + ^ 

(b) D 9 ; 2^-4r36 , « + ?' 43‘’58' 
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PLATE IB 



Fig. 3. Diamonds D 7 and D 11. [ 1 1 0 J vertical. 

(a) D 7 ; » 40''36', 6 + ^^^ 43"45' 

( b) D 7 ; = 4» '40', e + 43' 50' 

(c) D 1 1 ; « 45^48', ^ + (p 43''0S' 
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PLATE IC 



Fig. 4. Diamonds D H and D 10. [ 1 1 0 ] vertical. 

(a) D8; 2s-47°.W, «+?>-43''62' 

(b) D«; 2tf-41°33', j+?-43'’48' 

(cj D10;2tf»39°26', «+»-43'66' 
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PLATE ID 



Fij?. 5. Diamond D 12. [1 1 0 J vertical. 

(a) 2(9:=40"48', e+(f.=43T)8' 

(b) U 4r36', e + 43"56' 

(c; 2tf=5r42', # + «r'-46°r 



Fig. 6. Diamonds D 13 and D 14. [110 1 vertical. 

(a) D 13 ; 2^=41*36', ^ + 9-43°67' 

(b) D 14 j 2^s»41®2', ^ + 9=43®57' (smaller camera) 
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TABLE n 


Specimen 

No. 

29 


Width 

Intensity 


Kemarks 

D 1 

37‘’39' 

42*29' 

B and D 

w 


iC is an unknown cons* 







tant. Visual com- 


39"20' 

42°61' 

B and D 

m i 

ff 

parison of the spec- 





2 


trograms shows that 


42®29' 

43*67' 

sharp 

R 1 

»• 

«ss6. 

D 4 

46®5r 

43*61' 

B and D 

w j 

1 



39*48' 

42*66' 

ft 

v.w.| 

»» 


D 6 

38*9' 

42*46' 

B 

v.w.i 

V 

64/X;S9 


D 7 

39*36' 

43*42' 

sharp 

w i, 

6.2 



40*36' 

43*46' 


m » 

»• 



49*40' 

43*60' 

ft 

m 

ft 


D B 

36*37' 

42*34' 

sharp 

w ^ 

t .6 



41*33' 

43*48' 

sharp 

R • 




46*44' 

43*60' 

»» 

B 

ft 



47*30' 

43*62' 

>• 

H 

ft 



61*10' 

43*67' 

B 

m 

M 


D 9 

41*36' 

43*68' 

B 

m 

0.26 



(sharp) 






37*32' 

41*68' 

B 

v.w. 

*» 


D 10 

39*26' 

43*66' 

B 

w 

8.4 



41*68' 

43*69' 

sharp 

in 

ft 



47*64' 

44*68' 

sharp 

m 

ft 



36*49' 

43*38' 

V.B. 

v.w. 

f f 


D 11 

42*9' 

43*68' 

B 

B 

7.1 



41*22' 

43*68' 

B 

w 

9f 



47*12' 

43*68' 

B 

v.w. 

9f 



46*48' 

43*68' 

sharp 

strong 

>» 


D 12 

40*48' 

43*38' 

B 

s 

3.8 



46*61' 
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only when tliere is rnosaieity in the erystal and in a small volume of the crystal 
the {111} planes make a small angle with those pianos in the major portion of tlie 
crystal. Some of tJie specimens, howcN or, give extra r(‘fleetionH in other directions 
and these (cannot h(‘ al1rihu1(‘<l to rnosaieity of the crystals. 

It can clearly be se(‘n, hf>w(‘ver, from the data given in I able J1 that neither 
th<* rnosaieity of the eiystal indi(!ated by the pr(*s(Miec‘ of extra reflection in the 
direction making th<‘ angk* 4:rr)()' with the incident rays nor the intensity of the 
extra reflection in other dinadions can b(‘ correlated w ith the iJitensity ol the 
fluoresceme baiul at didh A. TIu* intensity of this band is very small in the 
case of 1)4, and I) 1:1 does not exhibit this baJid at all, but the extra reflection due 
to rnosaieity is presrmt in both the ca^(‘s. Also the inteJisity ol the band due to 
I) 8 or I) 12 is mu(‘h smalha* tharr that of the band flue to any of the crystals 1) 7, 
i) 1) and I) Kb but (he extra reflections due to rnosaieity given by I) 8 and I) 12 
are much stronger t han thos(‘ given by the latter crystals. As regards th(‘ extra 
reflection in other dii*e< tions it is absent in the casc‘ of 1)11 and 1)7, f>ut t he in- 
tensity of the fluorescen(!(‘ band is large. Also, the extra reflecdions due to 
T) () and 1) 14 ar’C very weak, but lire fluor’cscerrce band is very strong. On 

the other hand, I) 111 does not show any fluor*(^scenc(^ at 41 oC A, but it shows weak 
extra reflections in the direction 411 17'. It is thus evident that the fluorescen(te 
band and the (*xtr’a reflections are produced by two entirely difterejd causes. 

C) 

It, was poijited out by Bishui (1952) that the fluorescence band at 4ir)()A is 
produced by a particular typ(‘ of imjmrity which [rroduces two ultraviolet absoTp- 

n o I 

tion bands at 2llfl(t A and 2lU)l>.5 A iHv^pectively. The results obtained in the 
present investigation show' that the amount of th(\s(‘ im])urities does not depend 
on either t he frartial rnosaieity of t he cr\ystal or' on the irregularities- w hich produce 
extra reflections in dirvctioris other than that making an angle 20 with the 
incident rays. It was also ptrint-ed out by him that other imjrurities which are 
not responsible for t he pr'oduct ion of the fluorescence band at 4 lob A ar(‘ present- 
in most of the specimens of diamond and frroduce a shift in the rdtraviolet al>sorp- 
tion limit towards longer wavelengths. As 1) 111 produces weak extra reflections 
due to partial rnosaieity as well a.s those due to other ii-egularities and is a specimen 
of diamond containing absolutely no impurity, it is evident that the defects in the 
striKiture nieiitioried above does not depend much on the jjiTsenee of impurity, 
but it appears from Tables I and 11 that any kind of impurity tends to enhance 
the formation of mosaic blocks in the crystal. It might be pointed out that the 
extra reflection in directions other than tlrat making mi angle 20 with incident 
rays observed in the jU’esent investigation cannot be attributed to thermal scat- 
tering, because these are very weak in the case of some of the crystal such as 1) 8 
and Dll and are trreseiit with larg(‘ Intensities in other cases e.g., D 1, D 10 and 
1)12. Also, these intensities cannot he correlated w ith the thickness of the 
crystals,. These extra reflections mav lie due to permanent irregularities in^the 
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spacing alout/ onbo ed^es, as ])onite(l out by (luinier (1952). It is quite elear from 
the data given in Table IT tor 1) 12 that both partial mosaic structure and the 
irregularities in spacing can he present simultaneously in a single specimen This 
particular specimen is a thin triangular plate of thickness 9. (147 mm and it is ob- 
served t hat with gradual increase in the disorientat ioji from the Bragg angle the 
two sharp reflections corres[)onding to the ma-aic structure and the other type 
of irregularity are gradually se})arat.ed from (^ach otiier. ajid when 20 is diminished 
to Iir)'^45' the intensities of both these reflections diminish abru])tly. So, the 
fraction of the volume in which the {111} pl$nes make an angle of about 4^5' 
with these planes in the rest of the volume is very snudl. It is found that in most 
of the s])ecimens, tin's angle lies within IV , Th^ ]mrtial mosak' structure indicated 
abovT is different from the tnosaic structure i6(bcated by div(Mgent-beam photo- 
graphy. In the latter case the r)ri(‘ntation of t plant's varies gratbially mid conti- 
nuously within narrow limits throughout the whole volunu' of the crystal, so 
that all the rays in the incident X-ray beam making a small angle u])t.o about 
1” or 2^^ with each other are reflect tal by the })lanes satisfying Bragg condition. 
In the present case the (*rystals showing weak refltict ions dm* to mosaic structure 
])ossess such mosaic blocks only in small ])arts of the whole volume. 

Finally, it may be pointed out that these conclusions are generally in agree- 
ment with those* drawn by (h'enville Wells (1952) who studied only the integrated 
intensities of the total fluores(*ent light and the intensities of the extra reflections 
without giving their actual directions. Probably soim* of the extra reflections 
observed by her in the case of the diamonds giving good divergent-beam X-ray 
photographs were actually in tlic direction making an angle 20 jf w ith the incident' 
rays. As regards the intensities of fluorescence given by her in Column (»*}), those 
are indicated as Z(*r() in the case of many of the diamonds showing ultraviolet 
absorption limit longer than 2490 A. It is <loubtful whether the intensities of 
the fluorescence band 4159 A is zero in all th(*se cases, because ])revious workers 
have observed the fluorescence baud in tlu* case of all crystals having sucli absorp- 
tion limits in the ultrfaviolet region. 
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POLARIZATION OF THE ECHOES FROM 
THE IONOSPHERE* 
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ABSTRACT. Some experimental studies on the polarization characteristics of the 
echoes from the ionospheric layers have been presented. The details of an improved type 
of radio polarimeter which can work in conjunction with a high resolution radio sonde equips 
ment have been described. The high resolving limit of the equipment made it possible to 
record the true polarization patterns of the echoes due to normal reflection and those due 
to irrogiilaritioH in the ionized regions. A method has been indicated for the identification 
of the thin layer type of E« echoes from other t^rpes on the basis of their polarization oharac* 
teristios. 

1. INTRODUCTION 

The experimental study of the polarization of echoes from the ionosphere, 
had started as early as in 1932 (Appleton and Watson-Watt, 1932) for a correct 
identification of the raagneto-ionically split waves. For the delineation of the true 
polarization patterns of the echoes, it is essential to separate them from each other 
on the time scale; otherwise due to superposition of the waves, the polarization 
patterns of the echoes become extremely unstable in character (Martyn, Pidding- 
ton and Munro, 1937, Eckersley and Farmer, 1945). In case the echoes appear 
on the type A display, as resolved from one another, the character of their polari- 
zation is studied, now-a-days, by the method of echo-selection, originally evolved 
by Eckersley and Farmer. In case the separation between the pair of echoes 
falls below the resolving limit of the equipment, attempts arc made to suppress 
one component echo by monitoring the nature of polarization of the transmitted 
beam. Morgan (1952, 1953) at Hanover, New Hampshire, utilized an equipment 
in which the transmitted beam was elliptically polarized; he found that any of 
the interfering pairs of echoes could be eliminated completely if the transmitted 
beam had an elliptical polarization with a sense opposite to that of the particular 
echo. The suppression of one of the interfering waves makes it possible to record 
the steady polarization pattern of the other echo. 

Mention may be made here of some experiments on the polarization of the 
reflected waves from the E-layer at low frequencies (Benner and Nearhoof, 1960, 
Kilpatrick, 1952). Kilpatrick recorded the polarization patterns of the echoes 
at 160 Kc/sec; he found that whenever the echo became elongated, the leading 
and lagging portions of the echo envelope showed patterns with opposite sense 
♦ Communioated by Prof. M. N. Saha, F.R S. 

36 



Polarization of the Echoes from the Ionosphere 37 

of rotation. The presence of an echo with a right handed sense of rotation ren. 
dered the polarization pattern unsteady, i.e. the pattern changed from left handed 
elliptical, linear to right handed elliptical shapes cyclically. Watts (1952) uti- 
lized a pulse transmitter emitting waves of circular polarization at 160 Kc/sec, 
and found that specially during the disturbed nights, the polarization pattern 
of the echo showed similar instability, possibly due to the superposition of several 
reflections from the E -layer occuring simultaneously. 

From the above review of the extant wdrks, it is apparent that the success 
of the polarization measurements depends to a marked extent on the resolving 
power of the equipment. For obtaining th<t true polarization patterns of the 
echoes, it is desirable to utilize an equipment with higher resolving power. An 
improved type of radio polarimeter, which cafe operate in conjunction with a high 
resolution radio sonde equipment, and the typical polarization patterns of the 
echoes from the ionospheric layers will be de^scribed in this pa]:)er. 

2. SOUNDING EQUIPMENT 

The ionospheric sounding equipment (Banerjee and Roy, 1952) which is in 
operation at the Institute of Nuclear Physics, Calcutta, has a resolving limit of 
2 Km. only. A 50 K.W. pulse transmitter radiates R/F pulses of 6-30 //secs 
duration with the help of a terminated vertical delta antenna. The echo-signals 
are picked up by a pair ot horizontal dipole antennas situated on the top of the 
antenna mast (140 feet above the ground level) and after pre-amplification they 
are fed to a super he trodyne receiver of 90 Kc/soc bandwidth. These echoes are 
displayed on a raster time base (Banerjee and Roy, 1950) of twelve lines; each line 
of which corresponds to 50 Km. of equivalent height. 

The use of a short duration pulse helps in separating the magneto -ionic com- 
ponent echoes from each other, even when the oi>crating frequency of transmission 
is sufficiently away from the penetration frequency of any of the ionized layers. 
Also it is possible to separate these normal echoes effectively from the back-scat- 
tered echoes (Roy and Venna, 1953), from electron clouds or from the echoes due 
to other types of irregularities in the ionized region. 

3. THE BADIO POLARIMETER 

The radio polarimeter utilized, follows in principle, a design similar to that 
evolved by Eckersley and Parmer. The method of operation of the polarimeter 
has been outlined in the block diagram in figure 1 . The signal received at vertical 
incidence is picked up by a pair of crossed loop antennae, the planes of the loops 
being oriented in the N-S and E-W directions respectively. Each arm of the 
loop is of length one metre which is small compared to the operating wavelengths. 
The loop antennae assembly is housed in a hut on the topmost part of the insti- 
tute building at a height of 70 ft, from the ground level, fairly away from the proxi- 

of other oonductors. Each individual loop, whose centre is grounded, is 
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equal lengths ol shielded co-axial cables to the ini)iit of a receiver (figure II). The 
centre of the input coupling coil is grounded, an<l the first stage of the receiver 
is a push-pull JiF amplifier. These circuit arrangements ensure ])erfect balanc- 
ing of the signal leads from the loo])s with respec^t to ground. 


IK Ik *4t 



The two receivers, ojie for the N-S and aJio1li('r for the M-W channels, are 
identical in o[)eration ajid design: (Nu*h has a maxinnim gain of I20db. and a 
minimum overall bandwidf^fu oO Kc/sc(*.. the intermediate fre(|uency being 1.2 
Mc/sec. The signal circuits are (Unsigned for a fr(M|uency range 2.8 M(‘/sec. to 
fi.Il Me/ sec. and the number of turns in each loop is selected according to t he operat - 
ing freciuemty. A common oscillator (figun* 4) feeds the heterodyjung signal through 
an adjustable phase-shift network. The output from the final I/F stages of tlu' 
receiver is a])plied through small lengths of shielded co-axial (tables to tiie 
quadrature plates of the oscilloscope (P-Scope figure 5). The os(‘illosco})e circuit 


•^45011 (0/( 



Is HO arranged that the beam of the tube remains blanked for the whole repetition 
period (20 milliseconds) ejfcept for a short <liiration of 8 microseconds. The 
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intensifying gate signal is a positive square wave which is obtained from a delayed 
gate generator (figure 6) the operation of which is detailed in the following ; 



The timer unit of the sounding equipment triggers a hloftlring oscillator (not 
shown) simultaneously «ith the start of the raster sweep. Hie output of tlie block- 
ing osotllator is applied through a diode Kj (in figure 6) for triggerii^ the delay 
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moltivibrator F,. The duration of the positive square wave generated by the 
multivibrator can be altered from 0.4 to 4 milliseconds by a 2 megohm (coarse 



6 
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control) iiiid a 100 kilo ohm (fine control) poteutionieters and a of capaoitoru 
connected to the grid of the secojid lialf of the tube 6SN7( l ^). The square wave 
is then differentiat(‘d, ajid the different iated out])ut is applied to a biassed ampli- 
fier ^ 3 , which gives a. positive sfiike syindironous with the trailing edge of the delay 
multivibrator output. 'J'his spike again triggers tlie gate generator — a cathode 

coupled multivibrator, (l(‘liv(*ring an outjnit of 150 volts and of duration 8 niicro- 
se(!onds only. This pi>siti\'(‘ gate pulse is then led through a cathode follower 
and appli(‘(l to the grid of the cathode ray tube 801) (figure 5). Tht' time constant 
of the grifl circuit of th(‘ (OIT Is kept large* com])a!‘ef! tf) the gate pulse duration, 
as otherwise the* inteMisiiicat lem of the* b(‘a.in occurs for a shorter interval. A small 
])art of th(‘ gate pulst* obtained from a ca|)a('ity dix ider network at the cathode 
of is also ap])lied to tin* )"-(l(‘fh‘ct ion plate* of the eathoeh* ray lube 09d for type 
A ])reseulatioii. Thus, by monitoring the* ee)nt]ols of" the de‘lay multivibrator, 
the gate* pulse can he* so adjust (*(i that it occu])ies the ce*Jitral pa.rt of any eetie) 
(figure 7) appearing oji the* second or highcT liue*s of the raster time base. 

l*oi* calibrating tin* two re(*eiving ehann(*ls tor i<le*nti(^ai phase* and e‘ejual ampli- 
fication, a l)alanc(*d os(*illator (figure* S) fe'e*(ls through twin pair of shieldeel e*o- 
axial cable's a sfuali iJi])ut sigiiat of the* oreler of 50 iniciDvolts at the* e)])eratijig 



I'itJ. 7. Tho KHtc )>ulHf iH oti tile rnnlml (.ai t of o-ccho on Mu- aixMi lino of tho ittstoi- 
tiluo has... Tho gi-oun.l (.uls.- is on tho first (lowost) lino. Tho a-ocho is on 
tlio sovoiith liin*. 


mie I- frequency of the transmitter pidse, through a 
the loops. With pi*oper adjustment of the tuning 


very small caj)acity 3 pf to 
controls in the two receiving 
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channels, and tlie phase-shift network in the heterodyning oscillator, a straight 
line (figure 9) inclined 45" to N-S direction is deliixeated on the oscillograph screen; 



Fig. 9. Orientation of the f-alibration line. 


this indicated the standard reference adjustment for })c?rfect alignment of the two 
receiving channels. Next, the balanced oscillator Hjl is switched off instead of 
disconnecting the calibrating JtF signal-leads from the pre-amplifier inputs, since 
the latter step has been found to affect the phase adjustment. Ihc above proce* 
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dure for the calibration of the polarimeter is carried out at each operating 
frequency. 


4. SENSE OE ROTATION 

It i8 well known that for observations at vertical incidence, the phase rela- 
tion between the electric vector components in the N-S and E-W directions in any 
echo, will be the same as that obtained in the observed polarization patterns. 
Any decrease in the phase difference between the two electric vector components 
will tend to rotate the pattern depending on the sense of rotation of the resultant 
electric vector in the wavefront. When the resultant electric vector rotates in 
an anticlockwise direction, it may be seen that a decrease in phase difference will 
make the polarized pattern rotate in the clockwise direction and vice versa. 
Reduction of resistance in the phase-shift network of the heterodyning oscillator 
gives the aforesaid reduction in phase. The reduction in phase relation can be 
obtained by adjusting the phase-shift network or switching in a small capacity 
in the single-tuned circuit at the signal grid of the mixer of one receiver. Thus 
the sense of rotation in the polarization patterns can be inferred by operating 
the phase change switch (S in figure .3). 

r>. RESULTS AND DISCUSSION 

Polarization patterns of both o-and ai-waves from E-and F-layers had been 
recorded during both day and night for a period of fifteen months — January 
1954 to March 1955. Figures 10 (a), (5), (c) and (d), [Plate II A] show some 
typical patterns of the normal echoes, the tilt angle (^) and the ratio of axes 
which are given in the (a;) of following: 

F-layer: 

Figure 10 (a) — o-echo, ^ 91°, x = 0.28 

Figure 10 (6)-~ :r-echo, f = 180°, x = 0.47 

E-layer: 

Figure 10 (e) — o-echo, ^ == 101°, a: = 0 

Figure 10 (d) — ^ar-echo, ^ = 162°, x = 0.43 

The detailed description of the ranges in which the characteristics of these patterns 
vary, have been reported elsewhere (Roy and Verma, 1955). 

The senses of rotation of the o- and :v-ellipses were observed to be opposite 
in general, the o-wave having the counter-clockwise sense of rotation. But 
occasionally when the ;r-wave patterns appeared in the N-W quadrant, but the 
0-wave pattern remained in the N-E quadrant [Figure 11 (a) and (6)], the a:- wave 
was found to have the same sense of rotation as that of the o-wave. On some 
occasions, though rare, both o- and ^-ellipses, were found to lie in the N-W 
quadrant [figure 12 (a) and (5)]; the sense of rotation of both the waves were 
always similar (anti-cloekwise) under such anamalous conditions. These tend to 



Fig. 11 . (a) rii** o-ellipsc in N-E quadrant 

y'=92'', X--0 24 

(b) The .r-dlipse in jV 4 l^quadrant 
x=;0.31 


Fig. 12. fa) The o-ellipsc in jV-lF quadrant 
/ = 8.V, A' =--0.25 

(b) The A-ellipse iri jV-lTquadrant 
v'=-2“, A =0.33 
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PLATE IIB 



Unsteady patterns of an echo from a thin layer 
type of recorded at half-a-minute intervals. 


(a) 

x=0.33 

(b) 


(c) 79“. 

;c = 0.09 

II 

o 

;c-0.39 

(C) V^ = 1U", 

a--=0.18 
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nhow that the method of identification of a Hubatratificatiun within a layer from 
the observed similar sense of rotation in the polarization patterns of twin echoes 
from the same layer ig doubtful. 

In a broad type of echo, which owes its origin to different retardation of the 
component frequencies of the short duration RP exploring pulse, the leading 
and lagging portions of the echo-envelope never showed any polarization pattern. 
However large the base- width of the echo may be, its pattern could be obtained 
only when the selecting gate pulse is monitf)red!to the centre of the echo-envelope. 
Mixed type of polarization detected by Kilpa^ick in an elongated echo appears 
to be due to the presence of both o- and ;r-echbes with a separation smaller than 
the resolving limit of the equipment. \ 

It has already been described that the hig)^ resolution offered by the sounding 
equipment made it possible to separate the i^attered echoes from the normally 
reflected echoes. The scattered echoes fluctuate in intensity and persist for a 
few minutes only, whereas the reflected echoei are fairly steady. These fluctuat- 
ing echoes from both E-and P-layers had also been selected and studied for the 
determination of their polarization charcteri sties. Detailed investigations through- 
out the period of observation showed that the back scattered echoes from the 
electron clouds are completely unpolarized in character: they do not exhibit any 
polarization pattern at all. There is, however, another type of E„ the thin-layer 
type of irregulairty, which differs in the polarized character from those of the 
normally reflected echoes. The pattern obtained from this type of sporadic E, 
shows an extremely unsteady character i.e.. the pattern continuously changes 
from circular, elliptic to linear forms and does not orient itself in any quadrant 
steadily even for a minute. Plates IIB, (a) — (e) are a set of five records (at 0800 
hrs. 1ST on 6.12.54 at 3.1 Mc/sec) of varying i)olarization patterns of an echo from 
a thin layer, taken at half-a-minute intervals; the varying values of the tilt-angle 
and the ratio of axes of the records illustrate the unsteadiness of the patterns. 
A similar unsteady pattern is obtained whenever the normal o- and a;-echoes 
interfere i.e. when the separation between the component echoes falls below 
4 Km. The similarity of these two cases of unsteady polarized character tends to 
suggest that the thin layer type of E, reflects both the magneto-ionic 
components. 

Thus the studies on the polarization of the echoes with an equipment of high 
resolving power offers an easy method for the identification of the thin layer 
type of E, from the electron cloud type of irregularities or the normal echoes, 
since the characters of polarization of these echoes are different from one another. 

The polarization of the normally reflected echoes were observed to remain 
steady throughout the day and the night except during the sunset hours. At 
the time of sunset, even though each individual echo remains resolved from other 
echoes, the polarization of each echo assumes an unsteady character, i.e., the 
pattern varies from linear^ elliptical to circular forms at random. Such varying 
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patt(TiiH ar(‘ found for both o- and .r-eehoes from both E-aiid F-layers, and the 
nuHteadinesH of the patterns persists for about one to two hours around sunset. 

Ft may be mentioned here that it is possible to (leterrnine the magnitude 
of the et>lli^ion frerpieney of the electrons in the ionized layer from the tilt angle 
and tlie ratio of axes of any of the normal echo-patterns (Roy and Verma, 1955). 
This is pfissibie from an analysis of the data of th(‘ pattorns—ciarried out on the 
basis of th<^ wave theory of progagation (Saha, Banerjee and Gnha, 1951) of the 
e.m. waves for vertic^al proi)agation in the ionosphere. 
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REVIEW 


Beta- and Gamma-Ray Spectroscopy. Edited by Kai Siegbahii. Pp i-xxiii f9r)9. 

North Holland Publishing Company, Amsterdam. 1950 . Price £7. 12. 0. 

This book is a comprehensive treatise on the theory and experimental methods 
of the study of /?- and y-ray spectra. Besides the introduction written by the 
Editor himself, there are altogether 2(5 chapters and S appendi(^es written by dif- 
ferent specialists working in these lines. The ve&ry fact that the Kditor has secured 
the cooperation of an international team of 42-snch specialist ^ in writing the flif- 
ferent chapters clearly indicates his attempt toin^oi porate in the treatise authori- 
tative treatments of the diflFerent problems i^ the theoretical and experimental 
domains of this subject, and even a brief survey of the different chapters will 
convince the reader that the Editor has been tl^oughly snc(tessful in this attempt. 

The introduction contains a brief but maisterly survey of some of the main 
experimental methods and of the (^onclusii^s drawn frotn the ex])orimental 
results. 

The first chapter contributed by W. Paul and H. Steijuvedel aiid the second 
chapter written by C. M. Davisson deal r(‘spe(‘tively with the interaction of /y. 
electrons and y-rays with matter. The existing theories have been discussed and 
the experimental results have been (U)m pared nilh those deduced theoretically 
in these two chapters. The theories and design of different types of /?-ray spec- 
trometers have been dis(*usse(l l)y K. Siegbahn in f^haptc'r III. This chapter 
extending over 47 pages includes beautiful diagrams and reproductiojis of some 
s])cctra recorded on photographic; plates and also by automatic rc(;ording system. 
Tlie fourth chapter dealing with (jrystal diffraction spectroscopy of nu(;lear y-rays 
has been written by d. W. M. Dumoiid whose own contributions in this line are 
well known. The scintillation method has beeJi discusscMl by P. R. B(;II in the 
fifth chapter using 33 diagrams to illustrate the obser\'ed results. 33ie sixth 
chapter has been contributed by tour writers. S. ("urran lias dealt with pro- 
portional counter spectrometer y, H. Bulbright has discussed the use of a high 
pressure proportional counter in //-ray spe(;troscopy and (i. Bishop and R. Wilson 
have discu.ssed some special methods in y-ray spectrosctijiy, such as measurement 
of photoneutron and photoproton energies. In Chapter VI 1. A. (5. Mitchcdl 
has discussed the methods of (’Oiuiting coincidences Ix^t ween beta-rays and gamma- 
rays or between two y-rays, and application of the method in the measurement 
of internal conversion electrons, determination of efficiency of y-ray counters, etc. 
In the next chapter he has dealt with the investigations of flisintogration schemes 
and H. Slatis has discussed various methods of i)reparing sources for beta-ray 
spectroscopy and the thin films on which these surces arc spread. M. E. Rose 
has given in brief the theory of allowed //-decay in Chapter IX and the theory of 
internal conversion in Chajitcr XIV. The theory of forbidden //-decay has been 
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given by E. Konopinisky in Chapter X. C. S. Wu has described experiments on 
shapes of yff-spectra due to allowed and forbidden transitions in Chapter XI and 
in the next chapter O. Kofoed- Hansen has described some experiments on recoil 
of neutrino and has discussed the significance of the results. 

The theory of multipole radiation has been investigated in detail by S. A. 
Moszkowski in Chapter XIII. The shell model of the nuclei has been discussed 
in detail by J. H. D. Jensen in Chapter XV. In the next chapter M. Qoeppert- 
Mayer has dealt with classification of /9-transitions including a table giving spin 
of the daughter nuclei, half life, branching ratio etc. In the same chapter M. 
GolcDiaber and A. W. Sunyar have discussed the classification of nuclear isomers. 
Unified nuclear model has been discussed by A. Bohr and B. R. Mottelson in Chapter 
XVII. Measurement of short life times of excited states by delayed coincidence 
methods ha.s been discussed by R. E. Bell and measurement of such life times 
by studying the resonant scattering of y-rays has been dealt with in detail by K. G. 
Malmfors in Chapter XVIII. The next chapter dealing with angular distribution 
of nuclear radiation has been contributed by six specialists who have themselves 
made valuable contributions in this line of research. H. Prauenfelder has covered 
(18 pages dealing with angular correlation, incorporating in the treatment the theory 
of y-y direc^tion correlation in free nuclei and a general theory of angular corre- 
lation. Similarly, a-y and y9.y directional correlations as well as methods for the 
determination of several nuclear constants have also been discussed by him. R. J. 
Blin-Stoyle, M, A. Grace and H. Halban have surveyed the experimental methods 
used in investigations with oriented nuclei, and the experimental results have been 
discussed in detail. Finally, S. R. Groot and H. A. Tolhoek have given the theory 
of angular effects of radiations from oriented nuclei in the same chapter. 

In Chapter XX, I. Bergstrom has described in detail the results of investiga- 
tions on Auger electrons emitted by radioactive atoms and has discussed the signifi- 
cance of the experimental results, R. Wilson has dealt with internal pair formation 
at different ranges of energy and C. S. Wu has discussed internal bremstrahlung . 
The next chapter deals with the application of scintillation technique to the study 
of particular problems. Discussions on the application to the study of the Compton 
effect by P. E. Cavanagh, on the usefulness of the technique in a search for double 
/9-decay by H. Fulbright and on its use in the study of annihilation of positrons by 
S. de Benedetti, R. E. Bell and M.Deutsch have been incorporated in this chapter. 

Some typical resuls of investigations on the artificial disintegration of nuclei 
have been discussed in Chapter XXII by R. E. Bell, D. E. Alburger, A. C. G. 
Mitcell and P. Preiswerk and in the next chapter N. Feather has dealt with /9- 
and y-disintegration of some heavy radio elements with Z greater than 80. The 
next two chapters are devoted to y-radiation. D. E. Alburger has discussed the 
y -radiation observed in charges particle reactions and B. B. Xinsey has discussed 
the emission of y-rays after neutron capture. Measurement of disintegration 
rate has been discussed in Chapter XXVI by J. L. Putman. 
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In Appendix 1, M. Davisson has given absorption coefficients of various ele- 
ments for photon of energies ranging from .01 Mev. to 100 Mev. The other ap- 
pendices complied by different workers give Fermi functions, forbidden /ff-decay 
functions, internal conversion coefficients, values of some parameters used in direc- 
tional correlation, critical X-ray absorption energies, details of jS-ray spectra of 
some elements and values of Rp for different values of Kev. 

It can be easily seen from the summary of the contents given above that the 
treatise under review will be useful as a valuable book of reference not only to 
research workers, but also to ixist-graduate students interested in nuclear physics. 
Of course, thd price is beyond the reach of stirients of average means, but consi- 
dering the fact that the number of figures exebeds 400 and the numW of pages 
1000, the price is fouml to lie only moderate. 



Professor Meghnud Saha, F.R.S. 


Born -October 6, 1893 


Died — February 16, 1956 



obituaIy 

Profetior Meghna^ Saha 

The sudden death of Professor Megh^d Saha at about 10 a.m. on 
the 16th February this year under tragic cilcumstances has snatched away 
from our midst one of the most disiinguishm scientists of the world. Only 
two years ago his 60th birthday w'as celmrated by his students, friends 
and admirers in India and the messagesi which were received on that 
occasion and were published by the Sixtieth Birthday Committee in his 
biography, show tliat he had won the affection not only of his friends in 
India but also of many distinguished scientists of foreign countries. His 
unexpected death, taking place so soon after the celebration of the 60th 
birthday w;ll, therefore, be mourned deeply by Ins friends all over the 
world. 


Earlv cabege 

Professor Meghnad Saha was born on the 6th October, 1893 as the 
fifth child to his parents Sri Jagannath Saha and Srimati Bhubaneswari 
Debi who belonged to a middle class family in the village Seoratali situated 
at a distance of 30 miles to the north of Dacca in East Bengal. He got 
his early education first upto 1905 in a Middle English School in a village 
about seven miles away from his native village and then in the Dacca 
Collegiate School and he passed the Entrance Examination in 1909, 
standing first among those who appeared from East Bengal. He passed 
the Intermediate Examination in Science in 1911 from Dacca College and 
shifted to Presidency College, Calcutta for higher studies. He passed the 
B.Sc. Examination with First Class Honours in Mathematics in 1913 and 
secured a First Class M.Sc. degree in Applied Mathematics in 1916. 

Eably Bbsbaboh Wobk 

was selected as a Lecturer in Mathematics the Calcutta Univer* 
sity when Sir Asutosh Mookerjee, who was then Ihe Vio6*Chaacdlor of 
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the XJniverHity, fitarted Post Graduate teaching in science at the University. 
He was transferred to the Department of Physics in 1917. Besides organis- 
ing the laboratory and courses for the M.Sc. degree, he started research work 
on theoretical and experimental physics, and even in 1917 he could publish 
a paper entitled "On Maxwell’s Stresses’ in the Philosophical Magazine and 
another paper entitled ‘On the limit of Interference in the Febry-Perot 
interferometer’ in Physical Review- Next year, he published three papers 
dealing respectively with experimental verification of pressure of light, a 
new theorem in elasticity, the dynamics of the electron, and another paper 
jointly with Professor S. N. Bose giving a new equation of state which was 
an improvement upon Dietrici’s. He was admitted to the D.Sc. degree of 
the Calcutta University in 1918 for his thesis which included besides the 
papers mentioned above also results of other investigations on — (a) Funda- 
mental law of electrical action, (6) Radiation pressure and quantum theory 
and (c) Selective radiation pressure and its applications. Of these the 
last paper was published locally in 1919, but the other two papers and also 
a third paper on the mechanical and electrodynamical properties of the 
electron were published in foreign journals in 1919. 

He was married to Srimati Radharani Saha (n6e Roy) in June, 1918. 

The Theory of Thermal Ionization 

Professor Saha left for a study tour in Europe in 1919, but before 
sailing for London he communicated the paper entitled “On ionization in 
solar chromosphere” for publication in Philosophical Magazine. Saha’s 
famous equation of thermal ionization was given in this paper and it came 
out in the journal in 1920 after he had reached England. The importance 
of this discovery can be judged from the statements made by some of the 
famous astrophysicists in their messages sent on the occasion of his 60th 
birthday anniversary in 1953. Dr. Harlow Shapley of Harvard College 
Observatory says : 

“The Harvard College Observatory owes much to Professor Meghnad 
Saha. His pioneer work of thirty years ago on temperature ionization 
in sun and stars inspired the actixdties of the British scientists which in 
turn inspired the work here at Harvard of Mrs. Cecilia Payne Gaposchkin, 
Donald H. Menzel and Frank Hogg; and their work established modem 
astrophysics at Harvard.” 

Dr. H. Spencer Jones, Astronomer Royal, Royal Greenwich Observa- 
tory, Sussex writes : 

“I well remember how on the publication of his early and important 
paper on ionization in stellar atmosphere the late Professor AUred Fowler 
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drew my attention to it and emphasized its fundamental importance. And 
so it proved, for this paper was the stimulus to the work of Milne, R. H. 
Fowler and others in subsequent years. In fact, almost all work on stellar 
atmosphere has been based on it either directly or indirectly. The pajKsr 
provided a new method of attack £uul opened the way to the solution of 
many problems that had been puzzling.” 

Many other renowned scientists, inclining Professor Niels Bohr and 
Professor E. Fermi expressed similar viewaj in their messages. 

Work Done in England ANDjOTniB Countries of Europe 

5 

Professor Saha worked at the Imperial ^llege of Science & Technology, 
London, for about a year under Prof. A. Fowler and wrote a pajjer entitled 
“On a Physical theory of stellar spectra’! which was published in 1921. 
He then shifted to Prof. Nemst’s laboratory in Berlin and started an experi- 
ment on the verification of his theory of thermal ionization, but as he was 
requested by Sir Asutosh Mookerjee to come back to India to accept thq 
post of Khaira Professor of Physics at the Calcutta University, he could 
not finiab the experiment and came back to Calcutta and was appointed 
Khaira Professor of Physics in November, 1921. 

Career at Allahabad 

As the financial condition of the Post Graduate Department in Science 
of the Calcutta University was far from being satisfactory when Professor 
Saha joined as the Khaira Professor of Physic she could not get any labora- 
tory faciUties. Being unable to carry on any experimental work, he 
resigned the post a year later and joined the Allahabad University as the 
Head of the Department of Physics. It is at Allahabad that he first gathered 
around him a band of enthusiastic research workers who shined in their 
later career. He created there three schools of research, one in spectro- 
scopy, another in ionospheric problems and the third in astrophysics, be- 
Bides carrying on some experiments on thermal ionization of elements. 
During his stay of about 16 years (from 1923 upto 1938) at AUahabad, 
Professor Saha himself pubUshed 33 papers either independently or in 
collaboration with his students, besides a very large number of papers pub- 
lished independently by his students under his guidance in the subj^te 
mentioned above. Professor D. S. Kothari is one of his distu^mshed 
students. In recognition of his earlier work Professor Saha wm elected a 
Fellow of the Royal Society of London in 1927 at the age of 34. He left 
Allahabad to join the post of PaUt Professor of Physics of the Calcutta 

University in 1938. 
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Recent Career at CAiiCUTTA 

Din ing the latter part of his stay at Allahabad, Professor Saha began 
to take interest in the discoveries made in nuclear physics and cosmic rays, 
and after returning to Calcutta as the Palit Professor of Physic she started 
reorganising the laboratory for investigations in these lines. In 1939 he 
published in collaboration with othtTs a paper entitled ‘‘On the structure 
of atomics nutilei” giving a nuch^ar chart in which all known isotopes are 
plotted in a (A -/) diagram, A being the atomi(? weight and 1 the difference 
bel ween the number of neutrons and jirotons. Some of his students started 
iiiv(\stigatiotis on cosmic^ rays, and after securing a grant of lls. 60,000 
from the Tata Sons Ltd., he started the work of installation of a Sfi-inch 
cyc'lotron at the University College of Science with the help of Dr. B. D. 
Nag Choudhury who had been sent to California for training in research 
in nuclear physics. This Cyclotron Laboratory gradually developed into 
the Institute of Nuclear Physics which started functioning as an All-India 
Institute in July 1951. There is also a seetion of biophysics in this Insti- 
tute and Dr. N. Das Gupta has been using a Siemens vertical type electron 
microscope for the study of biophysical problems. First as the Palit 
Professor of Physics and then as the Honorary Director of the Institute 
Professor Saha organised research and teaching in nuclear physics in this 
institute and the workers liave made valuable contributions in this line 
of research. Professor Saha himself also continued theoretical investiga- 
tions on projiagation of radio waves in upper atmosphere, ionosphere and 
in solar atmospluire. 

Expansion of the Activities of Indian Association for the 
Cultivation of Science 

Being handicapped by want of proper facilities for research through- 
out his earlier career, Professor Saha felt the necessity of creating facilities 
for younger generation. It is well known that although the discovery of 
the Raman effect was made by Professor C. V. Raman while working in the 
laboratories of the Indian Association for the Cultivation of Science, the 
resources of the Association were meagre and it was through the personal 
efforts of Professor Raman that a donation was received by him for the 
creation of a professorship at the Association, called Mahendra Lai Sircar 
Professorship, after the name of the Founder. The recurring annual grants 
received from the Government was Rs. 10,000.'- before the award of the 
Nobel Prize to Professor Raman and it was raised to Rs. 20,(X)0.^- after he 
was awarded the Nobel Prize. When the first M. L. S. Professor, Dr. K. S. 
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I&ishnan, F.R.S, left the Association just after the bombardment of the 
city by Japanese planes Professor Saha took initiative in bringing the 
equipments back from the place of safety to which they had been trans- 
ferred and in appointing a new M. L. S, Professor (Prof. K. Banerjee). 
He next felt that the Association was a suitable place for carrying on funda- 
mental investigations in molecular physics and drew^ up a scheme for the 
expansion of its activities. In this schema he proposed to create two new 
professorships in physics and three profeis^^rships in cihemistry, and also 
to erect a new building for providing siiitifbk* at^commodation for all these 
laboratories. This scheme was accepted |n prim^iple by the Government 
of India in 1947 and the work under the^new scheme started by the end 
of 1947. It is now generally known that |Dr. J. C. Ghosh, one of his most 
intimate friends helped him in getting the^scheme ficcepted by the Govern- 
ment of India. All the professorships cou|ld not be filled uj> initially owing 
to want of accommodation till new laboratory buildings were erected at 
Jadavpur and the Association shifted to it^i new premises in 1951. Professor 
Saha was elected President of the Association in 1950. From 1948 to 1951 
the Association did not appoint any wholetime Director, but Professor 
P. Ray, Palit Professor of Chemistry of the Calcutta University, served 
as the Honorary Director. At the initiative of Latti Dr. S. S. Bhatnagar, 
who was then Secretary to the Government of India, Ministry of Natural 
Resources and Scientific Research, the post of w'holetime Director was 
created by the Council of the Association and as a member of the Selection 
Committee Dr, Bhatnagar advised the Council to offer the post to Professor 
Saha. The Council gladly agreed to this proposal and Professor Saha had 
been serving as the Director of this Association till he breathed his last 
under tragic circumstances while going to attend an important meeting 
at Delhi. 


Professor Saha as Author of Text Books 

Besides the numerous papers in which original contributions have 
been made Professor Saha also published four books. These are (1) The 
Principle of Relativity (1919), (2) Treatise on Heat (jointly with Dr. B. N. 
Srivastava, first published in 1931), (3) Treatise on Modern Physics (jointly 
with Dr. N. K, Saha, first published in 1934) and (4) Junior Text Book of 
Heat (jointly with Dr. B. N- Srivastava, first published in 1932). Except 
the first one, the other books have run into several editions 

Connection with Learned Societies 

Besides being a Fellow of the Royal Society of London, Professor Saha 
was connected with numerous other learned societies- He was one of 



66 


Professor Meghnad Saha 


the Honorary Members of the American Astronomical Society. He was 
elected President of the section of physics of the Indian Science Congress 
in 1925 and the General President of the Indian Science Congress in 1934. 
He was the .Founder President of the U.P. Academy of Sciences which was 
established at his initiative in 1931 and was renamed National Academy 
of Sciences, India, in 1934. It was through his efforts that the National 
Institute of Sciences of India was founded in 1935 witlci Professor Saba 
as one of its Vice-Presidents, and during the year 1937-39 he served as the 
President of the Institute. In 1934 he came occasionally to Calcutta from 
Allahabad, and with the help of his friends founded Indian Science News 
Association which started publishing Science & Culture, a popular journal 
meant for dissemination of scientific knowledge among educated people 
of India. It was some of his famous articles published in Science & Culture 
which were responsible for the creation of the Damodar Valley Corporation 
and Council of Scientific and Industrial Research. He was also responsible 
for the formation of the Indian Physical Society in 1934 of which he was 
the President during the years 1936-1937. He was a member of the Council 
of Scientific and Industrial Research and a Fellow of the Asiatic Society 
of Bengal. He served as the President of the Society during the years 
1945-1946. He was also elected a member of the Parliament of India 
in 1951. 

Professor Saha was connected with Indian Journal of Physics as its 
Editorial Collaborator from 1936 upto 1938 and as a member of the Board 
of Editors since January 1939 till his death. It was in the latter (japacity 
that he converted this journal from a bimonthly to a monthly jounal and 
it is through his efforts that the regularity in the publication of the journal 
has been assured by the transfer of the printing of the journal to a new 
press. 

Professor Saha is survived by his wife, three sons and four daughters 
and a host of near relatives and friends to mourn his death. His eldest 
son. Dr. A. K. 8aha is now Professor of Theoretical Nuclear Physics at the 
Institute of Nuclear Physics, Calcutta. His sudden demise came as a bolt 
from the blue and much of his work is left unfinished. It is too early to 
make a proper estimate of his contribution to science and to his country- 
men. Only the future generation will be able to do it. 

It has be^ mentioned that the end came under tragic circumstances. 
He could not pay attention to himself even at the last moment of his life, 
as he was deeply engrossed in the work for his countrymen. Throughout 
his life he was anxious for the welfare of mankind. May his soul, caressed 
by Knowledge Infinite, rest in eternal peace ! JS. O, Sirkar, 
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THE FLOW OF A VISCOUS LIQUID IN A CIRCULAR 
TUBE UNDER PRESSURE-GRADIENTS VARYING 
EXPONENTIALLY WITH TIME. 

LAKSHMI SAliYAL 

Applied Mathematics Departmenp^ Calcutta l^NivEimtTV 
{Received for publication^ February 17, 1955) 

ABSTRACT. In the present paper the flow of a viscous liquid in a circular tube under 
pressure -gradients proportional to oxp(ra*'*0 and e:^( — vaH) is studied. It is found that 
when aR is very small (R radius of the tube) the iiaitions in the two eases are similar, in the 
senso that the velocity distribution in a cross-section ^f the tube is parabolic in both the cases. 
But when aR is very large the two motions are coi^plotoly different. In the first cose the 
flow has the boundary layer character while this characteristic is compUitely absent in the 
second case and the velocity do))ond8 on the wall distance. 


I N T B () D U 0 T I O N 

The flow of a viscous liquid in a circular tube under a periodic pressure-gra- 
dient has been investigated experimentally by Richardson and Tyler (192ft) and 
theoretically by Sexl (1930). Assuming the pressure gradient to be proportional 
to cos nU Sexl has shown that when the dimensionless number R(nlv)^^ (v = kine- 
matic coefficient of viscosity of the liquid and R the radius of the tube) is very 
small, the distribution of velocity in a cross-section of the tube is parabolic and 
when i?{w/i/)i is very large, the velocity at some distance away from the wall of 
the tube is independent of the wall distance, that is, the solution has the boundary 
layer character. These facts have been experimentally confirmed by 
Richardson and Tyler. In the present paper, the flow of a viscous liquid in a 
tube of circular section is considered in two cases: 

(1) when the pressure-gradient rises exponentially with time, and 

(2) when the pressure-gradient falls exponentially with time. 

Assuming that, in the first case, the pressure-gradient is proportional to exp 

(va^<),it is found that when olR (B, radius of the tube) is very small, the distribution 
of velocity in a cross-section of the tube is parabolic, but when clR is very large, 
the velocity at some distance away from the wall of the tube is idependent of the 
wall distance, so that the solution has the boundary layer character. Assuming 
that, in the second case, the pressure gradient is proportional to exp(— va*<)^ it 
has been found that for small values of aJR, the distribution of the velocity in a 
cross-section of the tube is parabolic, while for large values of (xR the velocity in 
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a cross-section of the tube depends on the distance from the wall, showing that 
the boundary layer character is completely absent in the motion. Thus, for small 
values of aJf?, the two flows in the tube under pressure gradients increasing and de- 
creasing exponentially with time are similar, while, for large values of aJB, the 
two flows are completely different, one having the boundary layer character and 
the other depending on the wall distance. 

We measure x along the axis of the tube and r along the radius of a cross- 
section. The motion is symmetrical about the axis of the tube and we assume 
that it is one dimensional, in the direction of the a:-axis. The velocity component 
u in the direction of the axis of the tube is assumed to be independent of a?, while 
the two other components of velocity are assumed to vanish. With these assump- 
tions, Stokes-Navier equations of motion in cylindrical coordinates r, 0, a:, reduce 
to 


du ___ 
di 

0 = 
0 = 


1 ap / , 1 aM \ 

~p dx^ \ r dr I 

1 dp 
p dr 

1 dp 
p rdb 


The last two equations show that the i)re8sure is independent of r, 0. Since 

u is independent of x if appears from the first equation that is a function of t 

dx 

alone. 

1. Pressure-gradient rising exponentially ivith time. 

We take the pressure gradient to be given by 

- ^ 6”““* . 
p dx 

The equation of motion then becomes 


du 

dt 


-l-v 


dH 

df^ 


.\du\ 
+ r dr ) • 


Assuming 




(1) 


... (2) 

to be a solution of the equation (1), we see that/ satisfies the equation 




V 


( 3 ) 
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A solution of this equation which does not become infinite on the is 


/ = ^ + AJoiiocr), 


... ( 4 ) 


where t/© (ioi>T) is the Bessel’s function of order zero of the imaginary argument 
iar. 

Hence 


« = ( Jo(tar) , ... (6) 

where the constant A is determined from the Condition that the velocity is zero 
on the wall of the tube. If B be the radius of l|he tube, ia = 0 when r = B. This 
gives 


Therefore 


Since 




Jo(iar) V 

jQ{i(xS) I 




Uz) = 1- 


22,1 


+ 


24 12,22 


... (0) 

(7) 

... (8) 


we have for small values of aR and therfore of ar 


u 


A 

va2 


1 - 


1 + 


1 + 


o^tI 

4 

a2ij2 

4 


eva^t 


= * . •• (9) 

4v 

This equation shows that, at a given point the velocity incHreases exponentially 
with time, and that the distribution of velocity in a cross-section of the tube is 
parabolic. 

From the formula of the asymptotic expansion of Jf^z) [Whittaker and 
Waston, 1927] we have for large values of ocB and ar, 

J^iaS) = ( 2 lnaiB)* cob | iaB — j ) 




... ( 10 ) 
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Jo(ioir) = J(2/ffar)* e* 


so thaA 




... ( 11 ) 


... ( 12 ) 


This equation shows that, at a given point, the velocity rises exponentially with 
time. It further shows that for an appreciable value of {B—r), e***^^*^^ is very 
small so that the velocity is independent of the wall distance. Only for very 
small values of (.B— r) the velocity depends on the wall distance. Hence the 
solution has the boundary layer character. 

2, Pressure-gradient falling exponentially with time. 

We take the pressure gradient to be given by 


p dx 


The equation of motion becomes 


^ = +v 

at 


\ r dr f 


Assuming 


w =/(r)e“ 


to be a solution of equation (14), we see that / satisfies the equation 

/«+ i /'+aV = - * . 

r V 

A solution of this equation which does not become infinite on the axis is 


/ = * +BJ^{ar), 

where J^iar) is the Bessel’s function of order zero of the argument ar 
Hence 




The constant B is determined from the condition that the velocity is zero 
on the wall of the tube, i.e., m = 0 when r = R. 

This gives 

B =— 

vet* Jo{oiR) • 


( 19 ) 
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Therefore 

« = - -L/ 1 _ j ... (20) 

va*\ JoM)' 

For small values of uB and therefore of ar, 



which shows that the distribution of velocity in||fc^ cross-section of the tube is para- 
bolic. 5 

For large values of ocR and <xr ^ 

... « 

Therefore, we have 



This shows that the distribution of velocity depends on the wall distance. 
Hence the solution has not the boundary layer character. 
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THE TEMPERATURE-DEPENDENCE OF G-M. COUNTER 
CHARACTERISTICS. (PART I). 

SATYA PURI AND P. S. GILL 
Dspaetmbkt Op Physics, Muslim University, Aligarh. 

(Recewed for publication, October 19, 1966) 

ABSTRACT. A study of the oharacteristios of a self-quenching argon -petroleum ether 
internal and an argon-alcohol filled external counters was carried out in the range of 16®C 
to -20®0. The internal counter is found to be independent of temperature in the above 
mentioned range of temperature. The changes of the characteristics of the argon-alcohol 
filled external cathode counter are ascribed to the condensation of the alcohol content. This 
counter is temperature- independent upto -7®C. The threshold voltage falls by about 100 
volts at '“11,6®C. and decreases by further lowering the temperature. The operation remains 
the same down to a few degrees lower than the saturation temperature. Beyond -11. 6®C, 
the electrical resistance of the glass envelope becomes too high to allow this type of counter 
to operate satisfactorily. 

, ' / 

INTRODUCTION 

This investigation arose out of some difficulties experienced in the use of 
externally coated cathode Q-M. tubes at the Gulmarg Research Observatory , 
where these tubes were occasionally subjected to fairly low temperatures. The 
role of the polyatomic constituent in the self- quenching counters was explained 
by Korff and Present (1944) as follows: (a) The positive ions of argon transfer their 
ionization energy to polyatomic molecules, (b) the polyatomic molecules degrade 
the recombination photons and (c) suppress the secondary emission through the 
well-known process of predissociation. 

By lowering the temperature a change in the characteristics of a self-quench- 
ing counter is expected to occur only at the temperature at which the partial 
pressure of quenching vapour decreases. On further lowering the temperature 
the partial pressure will gradually fall and render the counter progressively useless. 

In recent years studies of the temperature-dependence of 6-M. tubes have 
been reported by Korff et cd (1942), Parkash (1946), Parkash and Kapur (1960), 
Loosemore and Taylor (1960), Fujioka et al (1960), Stanisz (1962) and Mader 
(1964). Parkash and Kapur (1960) reported the shortening of the plateau and 
high increase in the slope with no shift in the thresholed at 16®C, whereas at 9®C 
the plateau disappeared totally. They interpreted their results on the basis of 
partial condensation of the vapour. Their explanation is improbable as it is 
known that the vapour is unsaturated at this temperature and consequently 
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fto c^deMatioii oan takeplace. Mader (1964) reported that the platea« contracted 
to ahdiit W tol#6 at 20»C In the caae of a G-M. tube filled with 86 mm of argon and 
16 mm of ethanol vSpourr- Korff rt al (1942) reported the complete disappearance 
of plateau at — 22®C. 

APPARA'^US AND EXPERIMENTAL ARRANGE MB l^T 

The G-M. counters employed in this stilly were of the self-quenching type. 
One had the internal Cu cathode (No. 1) and ike other was of theMaze type (No.2) 
The internal diameter of the Cu cathode counter was 1.5 cm and it was 13 cm. 
long. A 3 mil tungsten wire along the axis jierved as anode. It was filled with 
spectroscopically pure argon 9 cm. and petfoleum ether vapour 1.1 cm. (B.P. 
40-60C®). Before filling, the centTai wire Vas flashed under vacuum and the 
assembly was roasted at 250®C for two hours t|i drive off water vapour and occluded 
gases. The second counter had an external aquadag coated cathode. It was 
filled with spectroscopically pure argon 9 cm. and of absolute alcohol vapour. 1 cm. 
The glass wall was 2.12 mm thick. It was baked at 140®C for one hour. 

The counters were enclosed in a brass cylinder which was placed in a thermos- 
tatically controlled cooling cabinet. The temperature was varied in small steps 
from 16®C to — 21.5®C. The lowering of temperature from 16®C to 5®C was 
done by employing water as the bath liquid, from 6® to — 6.9®C using brine and 
for the rest of the temperatures eutectic-mixtures were availed of. This mode 
of cooling ensured constancy of temperature within il^C for a period of several 
hours.. 

Cosmic radiation served as the source for tracing the plateau characteristics 
at different temperatures. The counter pulses were amplified and recorded in 
the usual way. 

At the end of the investigation, the characteristics were redetermined after 
the counters had returned to the room temperature in order to see whether there 
was any permanent effect of cooling or not. 

OBSERVATIONS AND RESULTS 

The measurements were carried out in the range from 16® C to — 21.5®C, 
over small intervals of temperature. Sufficient time was allowed at every setting 
of temperature before the characteristics were taken. 

Figures 1 and 2 give the plateau characteristics of counters No. 1 and No. 2 
respectively. The plateau tracing was abandoned on the appearance of a distorted 
or double pulse. The curves of figure 3 show the pulse size vs temperature at 
different overvoltages in the two cases. The curves of figure 4 show the threshold 
voltages vs temperature. These data show the following : 

(i) The characteristic curves of counter No. 1 remain normal over the tem- 
perature range of 16.1^C to — >21.5®C, whereas for counter No. 2 the range is from 
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16.1®C to — 7°C. For temperature below --7®C, the plateau of counter No. 2 
shifts towards lower operating voltages and there is a gradual contraotton of the 
plateau which does not disappear completely even at —21.6*0. 



Fig, 1, Plateau characteristics of internal petroleum-ether filled counter at different tem- 
peratures. In each of the curves the scale giving the ordinate has been shifted 
upwards by one scale division so as to bring out all the changes prominently. 

(ii) Within the ranges given above the slopes remain substantially the same. 

(iii) At — 11.5®C, the threshold voltage of counter No. 2 decreases by about 
100 volts. At this temperature alcohol begins to condense from the super- 
saturated vehicular gas argon. 

(iv) These counters do not show any increase in counting rate throughout 
the temperature range similar to that reported by Parkash and Kapur (1960) and 
Stanisz (1951). 

(v) In the case of counter No. 2 even at a temperature below the tempera- 
ture of condensation, the operation seems to be satisfactory. There set in certain 
anomalies such as, an abnormal increase in pulse size when the voltage across is 
increased instantaneously, which falls to a finite lower value after some time. 
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Fig. 2, Plateaue oharaoteristicH of externally coated alcohol filled counter at different 
temperatures. In each of the curves the scale giving the ordinate has been shifted 
upwards by one scale division, so as to bring out all the changes prominently. 



FJg» 3» Pulse size versus temperature for internal (petroleum-ether filled) and external 
(aloohd-filled) counters, o'# —Internal counter, 0 ^ External counter. 
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The counter becomes insensitive for a considerable period when the working 
voltage is reduced. The threshold voltage increases with greater counting i-ate 
and the pulse size decreases. 



Fig. 4. Threshold voltage versus temperature for internal and external counters, 
o ■= Internal counter : O *= External counter. 

(vi) The counters regained their original characteristics at room temperature. 

DIS^CUSSION 

Lowering of threshold voltage 

The lowering of threshold voltage in the case of counter No. 2 at —11.6°C, 
may be due to the decrease in pressure caused by condensation of some alcohol 
vapour. When the decrease of the alcohol vapour pressure has taken place by 
condensation, the free path of the electron bringing about the avalanche increases 
and the threshold voltage decreases. This view is supported by the fact that the 
threshold has been shown to shift towards lower voltages as the amount of poly- 
atomic constituent is lowered (Trost, 1937 and Weisz, 1948). There is a qualitative 
agreement between these results. 

In the case of counter No. 1, lowering of threshold does not occur as the 
constituents of petroleum ether mainly hexane and heptane remain unsaturated 
throughout the range investigated. 

The threshold voltage is shifted beyond — 7®C for counter No. 2, whereas 
Stanisz (1951) reports the shift at — 2.5®C, the temperature of saturation for an 
internal cathode counter having the same filling as counter No. 2, Prom the 
theory of droplet formation, condensation can occur only when the vehicular gas 
is supersaturated with the vapour at that temperature. A certain degree of super- 
saturation, defined as the ratio of the density of the vapour in the gaseous mi:atu]^ 
in the supersaturated state to the corresponding density in the saturated state 
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at the same temperature, must be attained for condensation to take place, (Das 
Gupta and Ghosh, 1946). 

The following machanisms are considered for the explanation of these obser- 
vations: 

(i) Insufficient quenching material. 

(ii) Leakage across the semiconducting paths in the liquid condensed near 

the electrodes. 

(iii) Increased adsorption of the vapour oti the cathode cylinder. 

(iv) The role of the glass wall in the cas^ of external counter. 

The curves of figures 1 and 2 showing j^ateaus for counters No. 1 and 2 
seem to improve slightly as the temperature lowered but is still above the 
condensation temperature. This is caused 1 ) 3 ^ the increased adsorption of the 
polyatomic vapour which improves upon the ^rface layer already formed. The 
importance of formation of suitable surface l|iyer which prevents spontaneous 
discharges and electron escai)e from ihe eathodie was pointed out by Trost (1937). 

The decrease of the number of al(;ohol vapour molecules accounts for the 
shortening of the counter plateau and the increa;se in its slope. When the amount 
of alcohol has fallen lower than the optimum value, some positive ions of argon 
will reach the cathode, which will give rise to multiple and spurious pulses at lower 
overvoltage, as is confirmed by the oscilloscopic observation. Even at a tempera- 
ture where the alcohol pressure reduces to inappreciable value, the counter will 
still function as a non-selfquenching counter. So we expect no complete disap- 
pearance of plateau as reported by Parkash and Kapur (1950) at 9'^C, and by 
Mader (1954) at 20°C. 

Parkash and Kapur (1950) ascribed these results to condensation of alcohol 
at 9°C. The partial pressure of alcohol employed by them cannot cause satura- 
tion at temperatures higher than 2.5°C, and suprsaturation would occur at still 
lower temperatures. They also did not observe any lowering of the threshold, 
which should have been the case if condensation had set in. 

Another explanation advanced by Parkash and Kapur (1960) and Stanis 
(1951) was that the liquid might condense near the electrodes in such a way as to 
cause semiconducting paths across the insulating material between the wire and 
the cylinder. Leakage across such paths can manifest itself as spurious counts. 
Their is very little likelihood of alcohol condensing between the electrodes, where 
it can give rise to spurious counts. The resistivity of ethyl alcohol (at 16 C) 
is 0.3 X 10« ohms per cm cube, (Handbook of Chemistry and Physics, 1949), and 
this comes in parallel with the quenching resistance. It would result in the 
reduction of pulse size. But no such reduction was noted, as shown in figure 3. 

The glass envelope of counter No. 2 acts like a leaky capacitor, which acquire 
a positive charge during its operation, which sets up an opposing e.m.f. This 
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counter e.m.f. increases with mean pulse rate and the overvoltage. If F^, is the 
applied voltage, the effective voltage is given by 

F,- Va-nxRxq(V,) 

where n = moan pulse rate 

q{V^) = the charge per pulse at voltage Ve 
and R = the resistance of glass. 

J?, the resistance of glass envelope (--9.0 X 10^® ohms per cm®) is strongly 
temperature-dependent. The decrease in temperature increases the counter 
e.m.f. and consequently decreases the effective voltage. At sufficiently low 
temperatures when R has become quite high, the above equation explains 
the hitensity -dependence of counter characteristics. Considering the equivalent 
circuit of the external counter, the distributed capacity becomes 

kL 

2Hog*'+21og^, 

where the dielectric constant of the glass wall 

6'— the inner radius of the glass envelope 
i—the outer radius of the glass envelope 
«“~the radius of the central wire 
and Z— the effective length of the counter. 

The increase in the distributed capacity of the counter caused by the glass 
wall increases the recovery time of the counter. This capacitor has a high leakage 
resistance ( — 10^^ ohms per cm®), represented as a shunt across it. 

At lower temperatures, the resistance of the glass envelope becomes very 
high with the consequence that the effective e.m.f. is lower than that at a higher 
temperature for a particular operating voltage. Now if the working voltage is 
lowered, the excess positive charge accumulated on the glass envelope will require 
sometime, depending upon the leakage resistance at the time, before it sets to the 
charge density corresponding to the decreased voltage. With the leakage of the 
positive charge, the effective voltage builds up and the pulse size increases till it 
attains the maximum value. Similarly when the operating voltage is increased, 
the counter e.m.f. builds up to a higher value, depending upon the rate of accu- 
mulation of positive charge, and effective voltage decreases till a balance is 
reached between the rate of accumulation and rate of leakage of positive ions. 
The pulse size gradually becomes minimum. This explanation is further 
endorsed by a similar observation in case of an externally coated pyrex G-M. 
counter, (Yasin et al, 1951), at, room temperature. 
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ABSTRACT. The moasiiroments wore made on solf-qiienching argon-petroloum ether, 
argon>butane, and argon-alcohol filled (leiger-Muller counters in the range of 32° to 150°C, 
34° to 100°C. and 27° to 138°C. respectively. The results of the present investigation indicate 
the following : 

(i) There is a jirogressivo rise of the threshold as the temperature is increased. 

(ii) The above mentioned throe counters seem to be substantially temperature -indepen- 
dent, up to 80°C, 55°C. and 105°C. respectively. 

(iii) There is an exponential increase in slope with temperature and decrease in overall 
width of the plateau characteristics at higher temperatures. 

(iv) A large increase in counting rate is experienced at higher temperatures. How- 
ever, there is increase only in frequency and not in multiplicity. 

(v) There is a sudden deterioration of these counters at 100°C., 85°0. and 105°C. res- 
pectively. 

It is inferred that it is the desorption of the quenching vapour at higher temperatures, 
which causes t he rise of the threshold. The increase in counting rate with temperature may 
be due to the formation of negative ions of the absorbed gas at the cathode. 

INTRODUCTION 

The theory of discharge mechanism in Geiger-MnlJer counters was developed 
by Rose and Korff (1941), Ramsay (1940), and Montgomery and Montgomery 
(1941), and it predicts that the internally quenched type must show some change 
in its characteristics with temperature. It has also been reported by Korff (1948) 
that self-quenching counters, usually employing argon or some other gas mixed 
with some organic vapour show a temperature-dependence of their counting rate 
which can sometimes be troublesome. 

In recent years studies of the temperatures-dependence of G-M tubes have 
been reported by Korff et al (1942); Parkash (1946); Parkash (1950) Parkash and 
Kapur (1960); Tanyel (1950); Loosemore and Taylor (1950); Hereford (1950) 
Fujioka etal (1950); Kimura (1951); Seidl and Roubinek (1952); Stanisz (1952) 
Joshi (1963) Mader (1954). Putman (1948) found that there was a bodily shifting 
of the plateau towards higher operating potentials as the temperature was increased. 

The self-quenching counters using argon and alcohol,, argon and petroleum 
ether are the most widely used in cosmic-ray and other experiments . This investi- 
gation was undertaken to study the temperature-dependence of counter charac- 
teristics at different temperatures which may give a clue to the discharge mecha- 
nism as well. 
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APPABATUS AND EXPERIMENTAL ARRANGEMENT 

Three counters all of the self-quenching type, with different quenching 
vapours were employed in the present investigation. 

Counter No. 1 was the same as descrished in Part I, counter No. 2 was 20 cm 
in length and 1 cm in diameter. The filling consisted of 86% argon and 14% 
butane at a total pressure of 12 cm of Hg. Counter No. 3 was the same as No. 
2 of Part I. 

The counters could be enclosed in a brais cylinder with three outlet holes, 
the extreme ones for the leads and central Jone for the mercury thermometer. 



Fig. 1. Plateau characteristics at different temperatures <petroleum-ether filled) of counter 
No. 1. 

In each of the curves the scale division giving the ordinate has been shifted up- 
wards by one scale division, so as to bring out all the changes prominently. 
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The assembly was placed in thermostatically controlled tank, whose temperature 
sensitivity was 0.1 °C in most of the settings. Upto 90®C toluene (B.P. IIO^C) 
was the thermoregulator liquid, which was rej)laced by gl^^cerine (B.P. 291 ®C). 
The liquid used as bath was a non-fuming; non-inflammable Houghton's Tern 
paring Oil No; 80 (B.P. 700° C). 

Recording was made with a scaling unit, with input sensitivity of 3V, and 
resolving time of 10 microseconds. Small resolving time was specially suited for 
the present investigation as it was desirable to resolve the ‘‘Nachentladung" from 
the previous discharges, Trost (1937)^ 
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Fig. 2. Plateau oharaoteristios at differeet tnmperatures (butane-filled counters) of counter 
No. 2. 

In each of the curves the scale division giving the ordinate has been shifted upwards 
by one scale division so as to bring out all the changes prominently. 

Cosmic rediation served as the source for tracing the plateau characteristics 
as different temperatures. The total range of temperature variation extended 



Temperature-Dependence of 0-M. Counter Characteristics 73 

from 32®C to 150*^C, from 34®C to lOO^C, and from 27**C to 138®C for counters 
No. 1, 2 and 3 respectively. Small counting rate was considered perferable to 
bring out prominently the spuriousness due to temperature variation. 



Ki 3. Plateau characteristics at different temperatures (argon and alcohol filled) 


I’a Jih of .«v» .1. ».l. giving tl» n«lin.t. h- W ^ up.«d. 

by one scale division so as to bring out all the changes prominently. 


OBSEKVATIONS AND KB8ULTB 

One by one the counter8>ere placed in the enclosure and characteristic curves 
at many instant temperatures were obtained. Each charactemtic curve was 
taken after the counter had been kept at a given tem^rature for »bout four ho^_ 
Such an interval was considered sufficient for any changes, which m^ht set m at 
that temperature. After completing the observations at higher temperatures 
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the characteristic curves at room temperature were again obtained to see if there 
remained any permanent effect on the counters after heating. The data obtained 
are shown in curves of figures 1 , 2 and 3 for the three counters used. The slopes 
in percent per 100 volts, as calculated from those curves, are shown in Table I 

TABLE I 



Counter No. 1 


CJounter No. 2 


Counter No. 3 

Temperature 
in degrees 
eentrigrade 

Slope % 
per 100 

VOltft 

Temperature 
in degrees 
eentrigrade 

Slope % 
per 100 
volts 

Temperature 
in degrees 
centrigarde 

Slope 0/^ 
per 100 
volts 

1 . 

32.0 

0.66 

1. 

34.6 

6.66 

1. 

27.2 

4.17 

2 . 

47.1 

1.00 

2. 

48.4 

7.62 

2. 

40.8 

4.17 

3. 

62.9 

3.50 

3. 

59.7 

6.2r> 

3. 

57.2 

4.5 

4. 

78.1 

2.66 

4. 

69.3 

14.66 

4. 

70.8 

7.16 

5. 

81.9 

6.33 

5. 

84.0 

20.00 

5. 

78.9 

5.9 

6. 

88.7 

4.00 

6. 

89.1 

88.16 

6. 

90.9 

3.12 

7. 

101.5 

16.60 

7. 

98 

142.75 

7. 

103.8 

4.15 

8. 

108.1 

22.50 




8. 

114.5 

6.96 

9. 

118 

37.30 




9. 

128.5 

37.88 

10. 

125 

43.60 




10. 

138.1 

29.0 

11. 

139 

56.00 







12. 

148.5 

79.50 








The results of these observations may be summed up as follows: 

(i) There appears to be a slow progressive rise of the threshold as the 
temperature is raised showing an abrupt rise near about 125°C for counter No. 1 
and near about 90® C for counter No. 2. 

(ii) Counters 1, 2 and 3 are substantially temperature-independent upto 
80®C, 55®C and 105®C respectively. Compared to the internal type of counter, 
the externally coated cathode counter shows less temperature-dependence. 

(iii) There is a decrease in overall width of the plateau at higher tempera- 
tures in each case. 

(iv) There is a large increase in counting rate at higher temperatures. 
The visual observations of the pulse shapes on the oscilloscope screen at different 
temperatures reveal that the pulses are well defined and single, which would mean 
that they do not originate from earlier discharges. It appears that the high tem- 
perature causes the frequency to increase and not the multiplicity of the pulse. 
The pulses appear to be spontaneous. 
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(v) There is a sudden deterioration of counters No. 1, 2 and 3 at 100®, 
85° and 106°C respectively as shown in Table 1 


DISCUSSION 

Rise of the threshold voltage : The rise of the threshold voltage with tempera- 
ture is due to the release of polyatomic molecules, which are absorbed on the 
surface of the cathode at ordinary temperatures. Their partial pressure in the 
counter increases progressively with temperature^ due to greater and greater release 
of the adsorbed polyatomic molecules. Although the ionization potential of the 
polyatomic constituent is lower than that of |.he rare gas, its addition almost 
invariably raises the threshold voltage. This iiiay be due to the fact that a large 
portion of the electron energy is dissipated in^ exciting molecular vibrations at 
each impact, rather than in ionization. In ttiat case an electron is much less 
likely to acquire ionization energy over severa| free paths, with the result that 
zone of ionization contracts with increase in nuinber of the polyatomic molecules. 
This results in the increase of the threshold. ! Such effects liave been reported 
by Trost (1937) and Weisz (1948). 

The rise of threshold in case of counter No. 3 as (compared to counter No. 1 
arises from a greater desorption of polyatomic va]:)our from the glass surface. The 
number of molecules leaving unit area of any surface would be 


n^dc — 


A 


where tif, is the number of molecules with velocity C\ T is the temperature of the 
surface and m, the molecular weight of the adsorbed gas. The number of mole- 
cules leaving unit area is inversely proi)ortional to square of molecular weight. 
I'he molecular weight being much greater for petroleum ether than for alcohol; 
the ratio of evolved mass of alcohol to ether is ^ 3.5 at the same temperature. 
Parkash and Kapur (1950) did not observe any increase of threshold due to the 
smaller range of temperature employed (8° to 60®C) by them. 

As an explanation of these observations we can examine all the possible surface 
and gas mechanisms. 

Hereford (1950) interpreted his shorter recovery times at higher temperatures 
in the case of parallel plate counters by the help of negative temperature coe- 
fficient of high resistivity 10^^ ohm-cm) of SiOg particles on the cathode, which 
might be released on baking the counter at 425° C. Two of the counters used in 
the present investigation have pyrex glass envelopes and the possibility of extrac- 
ing some Si02 particles by baking at 240° C is almost nil. 

Kimura (1951) observed an increase of spurious counts for the counters whose 
cathodes had been degassed by high frequency electric furnace, whereas the glass 
walls were not heated so high. 
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Oxides of cathode material cannot be responsible for spurious counts because 
their resistivity (10®~ohm-cm) is too small to hold the positive charge even for 
a microsecond (Hereford, 1950). 

It has been found by various observers Kiitzner (1924), Lewis and Bureham 
(1936), Wiedenbeck and Crane (1949) and Krammer (1949) that well polished metal 
surface gives rise to spurious counts in G-M counter which decays gradually with 
time, and increases again when the tube is heated. Krammer (1949) concludes that 
electrons are emitted by metals during the exothermal process, after the first 
discharge. Similar results have also been reported by Loew and Naude (1949). 
The cathodes used in our (counters were oxidized and no electron emission would 
be expected. 

Hereford (1950) has reported shorter recovery times at higher temperatures 
in the case of parallel plate counter, which he explains on the presence of minute 
droplets in the gas mixture. Minute droplets only exist at some degree of super- 
saturation, but in the present case the alcohol content remains unsaturated at all 
the temperatures. In the (^ase of G-M counter, there cannot be any dorplets. 
Moreover, the weak field strength near the cathode (0.2 volts per mean free path 
at the cathode) would probably enable the quenching vapour to suppress this 
mechanism through the well known process of predissociation, (Hereford, 1950). 

Parkash (1950) has suggested the reduction of CuO to Cu and the oxidation 
of C2H5OH to CH3COOH, through the following reactions: 

OuO— > OugO — > Cu 

CgHgOH-^ CHgCHO-^ CH3COOH 

The above explanation seems unwarranted for is not high enough for either 

of the above reactions to take place, (Mellor, 1923). H. Moissan found that the 
decomposition 2CuO~> 2(hi 4- Og occurs at 250(PC in the electric arc. 

Even the reducing atmosphere of Hg and CO from the decomposition products 
of C2H5OH will not be favourable for the above reaction. Erzbach (1923) found 
that the oxide prepared by direct oxidation is reduced at 193°C in a current of 
Hg and at 232''C in the case of CugO. Loew noted the reductioji of CuO by petro- 
leum ether but only when CuO is red hot, (Mellor, 1923). 

The reduction of alcohol into aldehyde by passing over copper oxide 
occurs at 620'’C, (Ipatiew, 1903). No such reduction is therefore possible at 150‘'C. 

Moreover, no permanent change in the characteristics was detected at the 
end of the investigation. 

The large counting rate and greater slope of counting rate vs voltage curves 
in case of internal cathode alcohol-argon counters was attributed to the secondary 
emission from the cathode by the positive ions of Hg by Parkash (1950). 
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Mercury vapour, being monatomic, is non-selfquenching vapour and hence 
will be an impurity in the counter, but will have no bearing on the temperature 
effect because the number of molecules of Hg remains constant at higher tempera- 
tures, provided there is no free mercury in the counter at the lime of filling. 



FijCf. 4. Plateau charac tori sties of counter No. 1, after roiurnin*? to room temporatiue 
from the investigation. 
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Fig. 5. Plateau characteristics of counter No. 3, after returning to room temperature 
from the investigation. 

Joshi (1953) attributed the deterioration of the plateau characteristics of 
ether-argon and argon-hydrogen filled counters at 52°C, to the formation of long 
lived metastables states of mercury atoms with life time of 10~^ sec. But 
in a sealed-in counter, no variation of the quantity of mercury vapour can be anti- 
cipated with the increase of temperature. 

Parkash and Kapur (1950) explained the high counting rates at higher tem- 
peratures due to increased secondary emission, because the average energy and 
the number of positive ions are gi’eater at higher temperatures. 

The increase in average energy is fcT’? where n is the atomicity 

27 X 1.38 X 10-“ X 4^ 

~ 2x1.6x10-“ 

= 0.385 e.v. 


e.v. 
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Thus the increase in energy due to temperature rise is negligible as compared 
to 200 e.v. the energy due to the intense field 

There seems to be no reason to suppose that there is an increase in the positive 
ions with temperature. On the other hand, at higher temperatures the increase 
in randomness will increase the probability of charge transfer. 

Moreover, the oscilloscopie observation does not show the pulses to be due to 
secondary emission, for there are no doubles or triples at higher temperatures. 

Field emission as a result of the electric double layer at the cathode surface, 
had been observed by Malter (1936) and Paetow (1939). 

Kimura (1951) could expect this effect only in the case of Al cathode, but not 
with Ni and Fe cathodes. Ni and Fe cannot give trouble as these are neither 
highly insulating nor show phosphorescence action with ultraviolet frequencies 
from argon. In our case thicker deposit of CuO on the cathode surface is not 
amenable to any such trouble (Loeb, 1947). 

An explanation of the phenomena by the thermoelectric emission does not 
seem to play any part since the Richardson plot of the spurious counts does not 
give a linear fit. 

Massey and Burhop (1952) show that an important practical effect of the 
bombardment of a surface with positive ions consists in the liberation of adsorbed 
layers of gas on the surface. The adsorbed gas may be liberated from the surface 
as a negative ion. Sloane and Press (1938) identified the production of negative 
ions CO" and C 3 H 3 " which they attributed to adsorbed layers on the nickel surface. 
Evidence of light negative ions produced by positive ion impact on adsorbed layers 
has also been obtained by Arnot and Beckett (1937). ISo spurious pulses are pro- 
bably due to the emission of negative ions, which occurs as the result of the energy 
freed during elementary exothermic chemical reaction between the impinging 
molecules and those adsorbed on the cathode. 

The importance of formation of a suitable surface layer which prevents 
spontaneous discharges and electron escape from the cathode was pointed out by 
Trost (1937). The heat of adsorption being always positive, the amount of ad- 
sorbed gas at a given pressure decreases with rise in temperature. The partial 
pressure of the polyatomic constituent goes on increasing. 

The abrupt deterioration of counters No. 1 , 2 , and 3 at 100®C, 85”C and 
105® C respectively, may be explained as follows: In the usual way an adsorbed 
atom or molecule will vibrate about its position of minimum energy, but should 
it receive sufficient additional energy to reach the continuous equipotential line, 
it will be able to travel freely over the surface without requiring any supply of 
energy and this motion can persist until the particle loses its energy either by 
colliding with another molecule or by interaction with the solid. The two states 
of the film are exactly analogous to the solid and liquid states of a three dimensional 
phase, and we should therefore expect a definite temperature of transition between 
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the two states, that is, a melting points. Such an explanation has been given by 
(1^34) in the case of adsorption of H 2 on Ni surface. 
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ABSTRACT : The absolute oross-seciion of (n, p) reaction in has been determined 
by measuring the activity of produced by fast neutrons from a 95 mgm. (Raa + Be) 
source, under cylindrical geometry. The various corrections involved are taken into account. 
The counter efficiency is determined as (4. 7 + 0.5) % by means of a calibrated end-window 
counter and a thin layer of chemically separated radiophosphorus of high specific activity. 
An average value of aw,;?™ 150+37 millibarns is obtained, which compares reasonably well 
with the estimated value from other workers’ results. 

STATEMENT OF THE PROBLEM AND THE PRINCIPLE 
OF THE EXPERIMENT 

Nuclear reactions in light and medium heavy nuclei with charged particle 
emisflion predominantly take place with fast neutrons (of enrgy range 0.5 to 10 
Mev.), The reason is that for these nuclei the cross-section of (n, y) reaction is 
comparatively low on account of the low y- width. Fy, of the compound nucleus 
and that the fast neutron initiated p or a-particle may have sufficient kinetic 
energy to leak through the potential barrier with finite cross-section. The Gamow 
penetration factor G for p and a-particles approaches 1 for these nuclei with 
fast neutron excitation. This enables exothermic as well as some endothermic 
reactions of the (n, p) and (n, a) type to take place with fairly large cross-section 
if the threshold of the reaction falls in the range of the neutron energy. 

Experimental determination of such reaction cross-sections in various 
nuclei is however, possible with reasonable accuracy only relative to the cross- 
section in a standard nucleus, as only by this method most of the uncertainitios 
present in the absolute determination of the cross-section in the individual cases 
are largely eliminated. Such relative cross-section determinations have been done 
by a number of authors for elements like S®*, P®^, Mg*^, Al®’, Si®®, Fe®® etc. 
[Cohen (1951), Jensen (1944)], The standard substance which is generally selected 
for this relative determination is S®® producing radiophosphorus P®® as the end 
product. The reaction characteristics for this element are given below: 


Reaction 

Energy 

balance 

Q 

Mean 

half 

life 

Reaction 

threshold 

Et 

Et+Bo 

Radiations and 
energy . 

S»« (n, p)P»a 

0.93 

14.3d 

0.96 Mev 

5.6 Mev 

p- y 

1.72 Mev (None) 


Mev 




(max.) 


80 





Absolute Cross-section of (n, p) reaction in 8^^ 81 

Et = threshold of the reaction and Bo = height of the potential barrier for 
the outgoing proton of angular momentum / == 0. 

To obtain the absolute values of the cross-sections for the, different nuclei 
from their relative values, a determination of the absolute cross-section of the 
sulphur reaction is necessary. The absence of y-radiation and probably also of 
resonance capture of neutrons in the sulphur reaction, makes this element most 
suitable as the standard substance. One such determination of absolute cross- 
section for the sulphur reaction exists due to Klema and Hanson (1948) in which 
monochromatic meutrons of known fluxes having energies from 1.6 to 5.8 Mev. 
were used and the activity of the resulting was measured. Similar observa- 
tions due to Bleuler (1947), Liischer, Seherrer ^nd others (1950) and more recently 
due to Hiirlimann and Huber (1955) are ava^able. The last one uses the ioni- 
sation chamber method and is a work of coi^iderable precision. The results of 
the earlier workers are, however, not always fc accord, as we shall disscuss in the 
last section of this paper. It is moreover cle^r that the reaction can also be pro- 
duced quite conveniently by a fairly strong doui'ce of (Raa+Be) neutrons which 
has almost a continuous energy spectrum between zero and about 11 Mev 
(Teucher, 1949). Actually, we have recently used the (Raa-f Be) source for the 
determination of relative (n.p) cross-section in a number of cases [Saha and Ghou- 
dhury, 1953; Nandi and Saha, I954j) iu(?luding S®^. The energy dependence 
of the reaction cross-section here would mainly reflect the variations of the 
Coulomb penetration factor G with energy whi(di approacdies 1 in these cases. 
Hence, below the energy limit Et-\- Bo the cross-section is expected to increase 
monotonously with neutron energy and above this limit remain relatively 
steady. The interpretation of the cross-section measured in this way therefore 
becomes possible at the corresponding mean energy of the neutron spectrum. 
The object of the present work is, therefore, to redetermine the absolute cross- 
section of the (n, p) reaction in 8^^ using the 100 mgm. (Raa-fBe) neutron source 
at our disposal, which we have employed in determining the relative cross- 
sections of reactions in the different- elements. 

Consider a neutron beam of effective flux F per sec. per cm^ of the target, 
passing through the thickness of the target material containing, say, N nuclei/cc. 
If V be the total volume of the material, a total of NV nuclei are exposed to the 
neutron source. The cross-section per nucleus is rr cm* and therefore N V(T is the 
effective area of the target. On multiplying this by F , the result NVorF gives 
the number Aq of the target nuclei in the volume V that have undergone trans- 
mutations per sec. The initial rate of disintegration per sec. of the transmuted 
nuclei would therefore be given by 

NVorF ••• (1) 

The above formula will be strictly valid for a monochromatic beam of neutrons. 
In actual practice the neutron beam employed may have a wide energy spectrum 
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ranging between energies 0 and and the reaction cross-section <t(E) may 
be considerably energy-dependent. II F(E) dE be the neutron flux in the energy 
range E and E-\^dE and E, the threshold of the reaction, then the total absolute 
activity produced would be given by 

^max 

NV^ (r(E) F(E)dE ... (2) 

E, 

The integral can be evaluated only if the form of the energy-dependence of the 
reaction cross-section and the energy distribution lunction of the neutrons are 
known. As these are not always possible to know one can obtain only the 
average reaction (toss -section a for the total fast neutron flux per unit area/o as 

^max 

= /’(A’ldiSssJVffV’/o ... (3) 

E, 

assuming that the neutron flux is negligibly small between 0 and Eg, Only in 
case of a resonance capture of fast neutrons at a definite energy E^, the integi al 
in (2) reduces to a single term with (t(E) = the resonance capture cross-section. 
The neutron flux at E^, must however, be known in this case. 

Using a thick target of sulphur (32) under ‘poor geometry’ we determine 
the initial rate of disintegration of radiophosphorous (32) by means of a thin- walled 
/?-ray tube counter under a standard geometry of counting. A determination 
of .^0 fbis observation necessitates a measurement of the absolute efficiency 
of the counter used. We propose to determine the tube-counter efficiency by 
comparing the activity of a thin layer of chemically concentrated active 
source as recorded by the counter with that by a calibrated end- window /^^-counter. 
The effective neutron flux F in the above equation is a factor of considerable un- 
certaintity in most of the determination of absolute cross-sections. F has to be 
estimated either by monitoring the fast neutrons by a standard indicator like 
silver or by comparison with a standard neutron source. We have, however, 
determined the total neutron flux from the (Raa+Be) source by the method of 
thermalisation (Saha and Rangan, 1953) and make use of the result obtained in 
calculating the cross-section in the present case. The use of the thermalised 
neutron-flux may not be absolutely free from objection, since a low energy part 
is also associated with the natural spectrum of the (Raa~{-Be) neutrons, which 
cannot be separated from the thermalised fast neutrons. It is, however, estimated 
that the contribution of the natural slow neutrons would be small, not exceeding 
1% of the total. The inaccuracy due to this would then be far out-weighed 
by the unoerte.inties involved in some other factors used in the determination. 
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a. description op the experiment 

^ A saturation mass (407 gm., sufficient to give the maximum or satu> 
ration value of total activity), of pure reprecipitated flower of sulphur 
was expoMdto neutrons from the 100 mgm. (Ra«+Be) source filtered 
through about 1 mm of cadmium for 94 hours. After irradiation, the exposed 
material was mixed thoroughly and a part of it packed in the form of a hollow 
cylinder which can be placed coaxially with the /?-ray tube counter of thin wall 
(~0.1 mm) The cylinder was supported on the inside by very thin paper (0.6 
mg/cm®). The thickness of the sample material corresponded to the ma vimiim 
thickness for saturation activity and weighe^ 90 gm. The saturation mass 
and saturation thickness were found by a num|)er of separate experiments. The 
final sample cylinder was 8.9 cm. high, 1.04 thick and 4.25 cm. in inner dia- 
meter. The cylinder was slipped over the counter and the activity followed for 
31 days. The semi-log plot of the nett activitv is shown in figure 1. The initial 
activity of 367 counts/2 min. was corrected f4 the following; (1) a factor of 1.06 



Fig. 1, Deoay curve of duo to fast neutron irradiation of sulphur. 

for isotopic content of (2) self-absorption : 23%, (3) non-saturation neutron 
exposure time giving a correction factor 5.7. The corrected initial activity for the 
sample cylinder of mass 90 gm as measured by the tube counter amounts to 
79±8c/sec. In order to convert this activity into absolute number of disinte- 
grations per gram of the sample, the efficiency of the tube counter was determined. 

3. EFFICIENCY OF THE TUBE COUNTER 

A standardised end window counter was set up in which the extent of the 
effective counting area in two mutually perpendicular directions and the direc- 
tional efficiency of the counter were carefully determined by means of a narrow, 
well-collimated RaD /^-ray source. This counter was used by us for the absolute 
determination of y^-ray counting rate from a chemically concentrated source. 
Two such active samples of known masses were then prepared. One of these 
was counted by the standardised end-window counter (under a well defined geo- 
metry) and the other by the thin-walled fi-T&y tube counter whose efficiency was 

5 
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to be found. In the latter ease the source was mounted in the same form and with 
the same amount of absorber backing as the samples in the previous tube counter 
measurements. As the neutron irradiated sulphur samples could not give good 
activities in thin layers under the end-window counter, chemically concentrated 
sample was used. This was prepared as follows: Following a method due to 
Goaverts (1938) 4 pounds of pure carbon disulphide was taken in a 2 litre round 
bottom flask. Dipping inside the liquid were two clean thin sheets of copper 
(2" X K) electrodes kept parallel to each other and with an electric field of lOOV/pm 
between them, as in figure 2. 



Fig. 2. Arrangement for neutron irradiation of carbon disulphide l£r=heatron aoui^ 
A^oopper electrodes. O’— glass tube, G<-^pound joint, F— glase 9dsk.) 
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The neutron source covered with 1 mm. cadmium was kept at the centre: of 
the solution through a glass tube and the liquid was thus exposed for 10 days; As 
originally reported by Goa verts, the active was found to get deposited on both 
the positive and the negative copper electrodes in the ratio 3 :2, The copper 
plates were then removed and digested in concentrated nitric acid, all the copper 
removed as copper sulphide, carrier phosphorous added in the form of sodium- 
dihydrogen-phosphate and finally precipitated as magnesium-ammonium-phos- 
phate. This gave a phosphate sample of faiitly high specific activity (roughly 
5000 c/min/mg. after correcting to 47r geometi^ and other sources of errors) as 
measured by the calibrated end- window coulter. Details of the subsequent 
measurements are given below. To obtain a fij^itable activity for measurement, 
part of the above sample was diluted with pi^e flowerjof sulphur. A weighed 
quantity (15.8 mgm) of this diluted sample wa^ iiniformally spread on the sticky 
side of a ‘cellotape’ sheet, which was rolled int^ a cylinder of the same dimension 
and with the same thin paper support as in the tube (counter measurements. This 
was slipped over the tube counter and the initial disintegration rate (153. 5 ±2.6 
c/min.) counted by following the activity for 22 days. Simultaneously a weighed 
quantity (6.0 mg) of the active phosphate was spread as a thin layer on a rigidly 
mounted source holder of the standarised end-window counter and the activity 
again followed for the period of 22 days. An initial disintegration rate of 213.8 
±2.6 c/min. was recorded for the sample. The two decay curves are shown in 
the semi-long plot in figure 3. 



nme 

1-71 j j j -- - 79 . (days) 

Fig. 3. Decay curve of chemically separated P3- sample as measured by (a) the tube-counter 
cmd (b) the end-window counter. 

,A subsidiary experiment wafr performed for finding out the self-absorption of 
^-rays in the active source-layer under the end-ifrindow counter by measuring 
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the counting rates with absorbers over the source, and applying the usual formula 
for zero source thickness. A factor of 0.86 was obtained as correction. A correc-' 
tioij factor of 0.9 was applied for back-scattering by the sample holder as deter* 
mined by us earlier (Saha and Rangan, 1953) and a factor of 5.3 for correction 
to 4kn geometry and the planar nature of the source. Thus the corrected absolute 
rate of disintegration for the sample comes out to be 2()8±18 distntegrations/min 
/mgm. of the sample. This value, compared with the initial rate of disintegration 
per milligram of the sample as measured by the tube counter, viz. 9.7 counts/ 
min'/mgm., gives directly the eflSciency of the tube counter e = 9.7/208 = (4.7± 
0.6)% under the experimental conditions. 

4. CALCULATION OF ABSOLUTE CROSS-SECTION 

In our activation experiment, a ‘‘poor geometry'* arrangement has 
been used, where an approximately spherical neutron source of diameter 
“26** giving a total flux neutrons/sec. is surrounded by a thick 
spherical shell of the material of diameter “2a*’ (see figure 4). The neutron 



flux over an elementary shell of radius r and a small thickness “dr” would 

be / = FJ4:nr^ and the shell volume would be d F = 47 rr 2 dr. From (3) the number 

of activated nuclei in this shell would be d^o = N9 FdF. Integrating over the 
spherical volume we get 

a 

■^o == I F^vdr = Ff^^a—b) 


(4) 
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assuming zero attenuation of the neutron flux for the activated material shell 
between radii 6 and a. We thus get 

® = — — "ItL. _ 

P^{a-b) - 

^0 is given by the corrected activity as measured by the tube counter for the 
total amount of the original sulphur sample exposed (407 gni.) divided by the 
efficiency of the tube counter. This conies to , 


A = 79 cps 

® 90 gm. 6.047 

disintegrations per second. 


= 1 . 6 x 108 ^ 10 % 

I 


Fq, as mentioned earlier, has been taken as ^ur measured value of the total neu- 
tron flux from the source and is = 1.3x 1(^±23%, {a-b) = 5.1 cm. and N =- 
7.7 X 10^^ atoms /cc, as calculated from the^ packing density of the sulphur 
powder in our arrangement of exposure. Substituting these in relation (5) we get 


o'(«,p,S82 == 150x 10-27 em2±26% 


6. DISCUSSION 

Weisskopf and Blatt (1950) have shown from a statistical theory of 
nuclear reactions with fast neutrons that the cross-section of (n, p) reactions can 
be represented by 

P) = f pi if n+fp) ^ rrr%lf„ 

where fp and are the relative probabilities of the compound nucleus decaying 
by emission of a proton and a neutron respectively. Methods of calculating 
these factors have been given by these authors. Cohen (loc. cit) has shown the 
results of calculation of <r(n, p) on the various assumptions of the values of Tq 
occurring in the nuclear radius r = iq-i 3 for various nuclear 

temperatures. He considers his calculated cross-section for 8^2 reaction in fair 
agreement with the experimental value (285^5% millibarn) obtained from 
Klema and Hanson’s (loc. cit) determination (probably after correcting for the 
energy spread of his neutron beam). Since the density of nuclear levels generally 
changes with excitation energy, correction to cross-section for reduction to zero 
threshold is necessary. Cohen, however, comes to the conclusion that the last 
correction is unimportant for light nuclei and that the statistical theory of nuclear 
reaction provides no further than a general basis for the calculation of the reaction 
cross-section, with considerable variation to be expected in individual cases. 

The reaction cross-section for S ^2 p) p32 observed by Bleuler (1947) 
and later by Klema and Hanson (1948) and Liischer and others (1950) from the 
activity measurements of P®2. More recently Hiirlimann and Huber (1955) have 
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measured the same reaction cross-section with great care using an ioni^tion 
chamber method. These authors have abo found the variation ; of the reaction 
cross-section with neutron energy upto 4^0 6 Mev. Klema and Hanson have 
observed a monotonous increase in the reaction cross-section from 1.3 mb. to 
300 mb. as the neutron energy increases from 1.6 to about 5 Mev., further on the 
cross-section remaining steady upto /^5.8 Mev. The last two groups of authors, 
on the other hand, have obtained results showing the same general trend as those 
of Klema and Hanson, but their observed variation of cross-section with energy 
is marked with a number of close-lying sharp resonance peaks between 2.2 and 
4 Mev neutron energy. If the resonance peaks are, however, averaged over their 
mean energies, the absolute values of the cross-section come out somewhat lower 
than those of Klema and Hanson. This can be seen from curves (6) and (c) in 
figure 5 where the cross-section curve of Klema and Hanson (curve b) and that of 
Hiirlimann and Huber (curve c) are reproduced on the same scale. 



Fig. 6. (a) Energy spectrum of neutrons from a (Ra« +Be) — source due to Schmidt-Rohr 

(1953); Energy variation of anp (S) due to (6) Klema and Hanflon (1948), (c) Hiir- 
limann and Huber (1955) (averaged). 

In our case, the (Raa+Be) neutrons have a wide energy spectrum, on the 
precise nature of which considerable uncertainity still exists. In recent years 
careful measurements of the energy spectrum have been made byTeucher (loc.cit.) 
and still later by Schmidt-Rohr (1953). Excepting in details the results of the 
two different investigators more or less agree. 

Even then, since the energy distribution function of the neutrons and the 
OTcrgy-dependence of the cross-section are not i^nalytically known, we cannot* 
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evaluate the integral under equation (2). However, by combining graphically 
the results of Schmidt-Rohr with the observations of cross-section variation with 
energy (Klema and Hanson) an approximate estimate of the mean for the 
(Raa -l-Bel-neutron spectrum may be attempted. In figure 5, curve (a), the 
energy spectrum of (Raa+Be)-neutron8 obtained by Schmidt-Rohr is reproduced 
for this purpose. The neutron spectrum referred to can be considered to consist 
of the following features, (a) The spectrum starting at ~2 Mev with a relative 
intensity of nearly 6 falls off more or less linearly (with several small changes in 
slope) up to 5 Mev where the relative intensity is nearly 3. (b) From 5 to 6.7 

Mev the spectrum is almost flat with the rejitive intensity of 3. (c) Beyond 
6.6 Mev, the relative intensity falls off quite rai|.ly and becomes practically insigni- 
ficant at about 8 to 9 Mev. (d) There is a fine |tructure superposed on the general 
run of the distribution throughout. On the l|isis of this energy distribution the 
weight factor of the neutrons in any part of t|e spectrum (i.e. for a given energy 
interval) can be estimated by multiplying tlje mean relative spectral intensity 
over this part by its energy interval. Now| looking closely into Klema and 
Hanson’s cross-section <r(n, p) [curve (6), figure 5] at various neutron energies, we 
can split it into a number of linear portions as shown in the table below : 


TABLE I 


Linear energy interveJs 
(Mev) 

2-3.6 

3.5-4 

4-4.5 

4.6-5 

5-6.6 

6.6-8 

Mean 

a(n,p) in millibarns 

120 

273 

295 

298 

300 

300 

Neutron intensity weight 
factor. 

8.5 

2.4 

2.1 

1.7 

5.6 

2.3 


The corresponding spectral weight factors for the various energy intervals estimat- 
ed as above are given in 3rd row of the table. The mean v(n, p) for the whole 
neutron spectrum therefore calculates out to be 220 mb. 

This result, obtained as an extrapolation of Klema and Hanson s observations, 
seems to be somewhat higher than our experimental value 160±37mb. Of course, 
we have done the extrapolation upto the maximum neutron energy on the assump- 
tion that the cross-section remains constant at ~ 300mb. from — 6Mov upward. 
This assumption may not be justified, since at high neutron energies, reactions 
like (n, 2n), (n, a) etc. are likely to ensue and produce a rapid fall in the cross-section 
of (n, p) reaction by competition. This view seems to be supported by the ob- 
servations of the reaction cross-section by Hiirlimann and Huber (curve e) where 
the smoothed out cross-section curve shows a monotonous increase with energy 
upto -wS.SMev, beyond which the curve shows a sharp fall. The absolute values 
of the mean cross-sections obtained from this curve are also appreciably lower 
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than Klema and Hanson’s values at the same energy. An estimate of the mean 
cross-section for the (Raa+Be) neutron spectrum can also be carried out 
with Hurlimann and Huber’s cross-section curve in the same manner as we have 
done with Klema and Hanson’s curve. The mean obtained in this way comes 
out to be '^138 mb taking the neutrons of energies upto 4 Mev only. This value 
is a better approach to our experimental value. 

It may be further pointed out that there are several factors of uncertainity, 
e.g., the value of the fast neutron flux, the large correction factors etc., involved 
in our determination, giving a large probable error in our value. The method of 
extrapolation used above to estimate the average cross-section for the (Raa-f-Be) 
neutrons is also far from satisfactory, since some uncertainity still exists both in 
the energy-dependence of the reaction cross-section (r„p as well as in the energy 
distribution of the (Raa-f Be) neutrons. A further refinement of our measure- 
ments is also possible. An improved series of determination of cr„p where the large 
correction factors mentioned above are almost completely eliminated is under 
way. 
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DIELECTRIC PROPERTIES OF 2, 4- 
DINITROFLUOROBENZENE 

D. V. Q. L. NARASIMHA RAO 

Physics Depabtment, Ahdhea Uinjmisrrv, Waitaib, 

(Received for publication, January 3, 1960) 

ABSTRACT. The dipole moment of 2, 4-dinitipfluorobenzene is determined in solu- 
tion in benzene at 30»C. and the value obtained 3.6«D is found to be in exact agreement 
with that calculated using the general method given h|r the author previously. The absorp* 
tion of the molecule at 3 cm., is also studied in the s|me solvent and a value of 3.30 D for 
the dipole moment and 6 . 3 x 10-u sec., for the relaxal^n time are obtained. It is expected 
from the value of the relaxation time that the molocu|e will show maximum absorption near 
about 10 cm. / 

INTRODUCTION 

A gonorR/l method for the calculation of the dipole moments of Ii2i4 tri-substi* 
tuted benzenes was given by the author (1955a) previously. The method was 
applied in the first instance to a few compounds for which data on the dipole 
moments were available. It is noticed that the discrepancy between the calculated 
and the observed values increases in the group of molecules —2:4 dinitro-chloro- 
benzene, 2i4 dinitro-bromobenzene and 2;4 dinitro*iodobenzene— the deviation 
increasing as we pass from chloro to bromo to the iodo compound (cf. Table I 
below). 


TABLE I 


Compound 

fi (oaloulated) 

/* (observed) 

2, 4-Dinitro-fluoro* 
benzeno 

3.56D 

3.56 

2, 4*Dinitro-ch]oro 

benzene 

3.19 

3.0 ±.l 
3.29 

2, 4«Dinitro-bromo 
benzene 

3.64 

3.1 ±.l 

2» 4*Dinitro-iodo 

benzene 

4.20 

8.4 ±1 


Hence we may expect a fair agreement in the case of the fluoro compound. A 
reference to the existing literature indicates that there is no published record of 
the dipole moment of this molecule. It is thought worthwhile to calculate the 

* Prassnt uvestigatioo, brid^ reported in Ottrr. 8ei., 1055, S4, 407. 

6 di 



92 


D. V. 0. L. Narasimha Rao 


moment of the compound using the general equation and also to carry out an ex- 
perimental investigation on the molecule. 

Further, it may be of interest to study the microwave absorption of the mole- 
cule which also gives the value of the dipole moment. The monosubstituted 
benzenes — fluoro and nitro- benzenes — have wavelengths of ^maximum absorp- 
tion near about 3 cm. In the case of this molecule the region of maximum ab- 
sorption may shift to longer* wavelengths due to the increased size as a result of 
the tliree substituted, radicals. 

CALCULATION 

The moments of the monosubstituted compounds arc assumed as = 1,45 
and Wgg — = 3.90. The polarizability of the NO 2 group is the same as used 

previously and that of — F is taken as 0.57 X 10'^'* obtained from the value of the 
refraction of HF (Syrkin and Dyatkina 1950). As a result of the application of 
Equation (5) of the previous article (1955a) the moment turns out to be 3.64 D. 
WluMi the correction for the dielectric constant of the internuclear space is also 
effected, this reduces to 3.56 H. It is easily seen that the simple vectorial addition 
gives a value of 3.42D for the moment of the molecule. 

EXPERIMENTAL RESULTS 

The method of measurement of the dipole moment in dilute solution was 
described in a previous communication (19556). For the measurement of the 
dielectric constant an improved set up is used. This is a Franklin -oscillator 
waveineter combination operated at a fixed frequency of 1 Mc/s similar to the one 
described by Lo Fevre ct al (1950). The results are given in Table II, in which 
the symbols have the usual significance (author, 19556). 

TABLE ri 
Temperature == 30®C. 




Density of benzene 

— 0.8704 gm/c.c. 



tv 

e 1 <2 


tv 




jw 


2 . 2640 



[ .40354 

2.2306.5 



O.OIOOl 

2.4065 

0 . 142,5 

7.408 

1 .40.522 

2.23,569 

0.00.594 

0.265 

0.03162 

2.4922 

0.2282 

7.216 

1.49575 

2.2,3727 

0.00662 

0.209 

0.05017 

2.6158 

0.3518 

7.013 

1.49636 

2.23909 

0.00844 

0.168 

0.07084 

■2:75«3 



"T: 49757“ 

"2.24273'" 

"“(rD1208 

0.171 

j^0.10240‘ 

- 2.9651 

0.7011 

6:844 

1.49783 

2.24350 

0. 12855 

0,126 ' 

* -0. 11052 

3. loss 

0,8443 

7.068? 

1.49797 

2.24391 

0.01326 

0.111 

(Ae/u)),« .^0 

= 7.470 


(A7i*/u>),e_>o = 0.266 

(A/m))„^o 

= 7.214 


Prf = 254.1-0,6.. - 3.55-D. 



Dielectric Prdpefties of 2, A-Dimtro-flt^obenzene -SB 

Details of the microwave measurements at 3 cm. are described elsewhere (1956c). 
The values of the orientation polarisation (P^) and the relaxation time (t) are 
calculated using the equations 


Pa 


P.’^+{Po-P,)^ 


Po-Pr 


and 


T = /;«. 


Po-Pr 

Pi' 


since in this case mT>I. The value of the total polarisation {(P^) at infinite dilution 
obtained from the r.f. measurements deserib^ above by adding the molecular 
refraction (obtained from bond refractions) to fhe value of P,,. Benzene is used 

as the solvent in both cases. The results arof tabulated below. 

i 

TABLE 1^1 

Frequency 9ol5|lo/s. 

_ . Temperature 


w 



D 

Pr 

Pi 

0.02810 

2.86 

O.OG28 

0.8884 

0.3514 

0.01106 

0.04076 

2.40 

0.1029 

0.8932 

0.3567 

0.01785 

0.05927 

2.45 

0.1.801 

0.8978 

0.3625 

0.02197 

0.07767 

2.48 

0.1572 

0.9086 

0.3640 

0.02587 

0.090] 8 

2.49 

0.1851 

0.9122 

0.3652 

0.03013 

0.10212 

2.51 

0.2053 

0.9152 

0.3668 

0.03308 


Extrapolated values = 95.0 c.c. = 62.5 c.c. 

Po = 293.0 c.c (P^==254.1 +jB^ = 38.9—r.f.measure. 

ments) 

fi = 3.30 D. r = 5.3 X 1 0”^^ sec. 

It will be seen from the value of the moment of the molecule obtained by the 
simple vector addition of the group moments anfl that derived using the detailed 
calculation of the general method that the induced contribution to the value of 
the moment is not considerable, whereas in the case of the similar iodo compound 
it is appreciable. This may be attributed to the difference in the polarizability 
values of the two radicals. Thus for fluorine with the least value of the polari- 
zability the correction term is least. The observed value of the moment 3.55D 
is in good agreement with the calculated value of 3.56D. When the small correc- 
tion term of Palit (1952) to the Guggenheim equation used in deriving the value 
of the moment from the observed data is also considered, the moment turns out 
to be 3.56D in exact agreement wth the calculated value. 
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The absorption measurements at 3cm. give a value of 3.30D for the dipole 
moment of the molecule which agrees within about 8%with ther.f. measurements. 
The relaxation time obtained is fairly higher than that of the mono substituted 
benzenes; this may be due to the increased size of the molecule.. From the value 
of the relaxation time obtained in this investigation, the wavelength of maximum 
absorption is expected at about 10 cm. It would be of interest if the absorption 
in this region is examined for this molecule. 
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STRUCTURE OF THE SPECTRUM OF SINGLY IONISED 

BROMINE 

Y. BHUPALA RAO 

Physics Department, Andhra XJinvERSiTy, Waltair 
(Received for pubUcation, November 12, 1955) 

The line spectrum of singly ionised bromine (Br II) was investigated by 
Bloch and Lacroute (1934), Lacroute (1935), ^nd Rao and Ramanadham (1944); 
the term values known till now are collected Moore (1952). Still several strong 
lines in the spectrum remain unclassified, ana the analysis is far from complete. 
An extensive study of the spectrum has beei| made over the range from A 9000A 
to A 400A with spectrographs of small anfl large dispersion. Several levels 
have been newly determined by which aboit 250 additional lines are classified. 
The new levels with their designations and S values are given in table below 
in ascending order of magnitude calculated with respect to the ground level 
4p^ Vg as zero; the notation is that adopted by Moore. 

Details of the analysis will be published shortly, 

TABLE I 


Designa* 

./ 

Level 

Designa- 

J 

Level 

Dosigna* 

J 

Level 

tion 



tion 



tion 



4p* ID 

2 

12098 

5p^ 

1 

1428.39.9 

6d' 10“ 

4 

156968.8 

4p»iS 

0 

27876 

5p" 3r 

0 

143148.1 

6d^ a** 

3 

157226.9 





1 

145601.6 




4p» »po 

2 

96439.4* 


2 

145921.5 

r)d' 

1 

157869.7 


1 

98807.8* 





2 

157682.8 


0 

100242.2 

Sp-' 1m 

0 

143486.4 


3 

157808.8 

4d 

4 

104007.9 

Ir 

I 

144617.7 

5d' b° 

2 

168827.4 


8 

104044.6 

6p^ In 

2 

145370.0 

6d' ir 

3 

168414.5 


2 

104087.2 







1 

104152.8 

4f 5 k 

5 

145931.6 

.5d' >p. 

0 



0 

104206.6 


4 

145920.9 


1 

159778.4 





a 

145934.0 


2 

159910.8 


1 

118842.8 


2 

146937.9 

6d' c° 

2 

160449.7 

4d'*p* 

2 

117744.6 


1 

145941.6 
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Designat 


L(»vel 

Desigiia- 

.7 

Level 

Dosigna- 

. J 

Level 

lion 



i ion 



tion 



1 

3 

118509.1 

4f sF 

2 

146087.5 

4f' sG 

3 

160884.4 


4 

119432.1 


3 

I460S] .3 


4 

5 


4d' 

4 

122191.9 


4 

i46(>ar..B 









5H' J p- 

, 2 

460887.7 

4d' ip' 

3 

122720.7 

o.b' »!)“ 

1 

151357.8 








2 

151502.3 

4f' a 

2 

161132.8 

58^^ Ip'' 

1 

125058.7 


3 

152380.6 

4f' iH 

5 

161289.7 

4d' '‘t)- 

1 

126788.2 

6.s' 

2 

152832.3 





‘> 

127687.7 



4f' ID 

4 

161,526.4 


3 

127940.6 

.Id' ip 

1 

155148.0 

4f' iG 

' 2 

161896.2 

4d' iT)" 

2 

128890.5 

fuV 3(^0 

3 

156116.1* 

4f' 8F 

4 

162210.2 





4 

156152.3* 




5p"' yD 

1 

142005.3 


5 

156766.6 


3 

162255.9 


2 

142854. 1 





2 

162313.0 


3 

143704.8 

5d' 

1 

156512.2 




4f'aD 

.3 

162344.0 

68'^ h/^ 

2 

166487.2 


2' 

169676.2 

, - 

* 2 

161160.1 


“ • - 









68^ Ip- 

1 

167489.0 

5d'' d° 

2 



1 

162,305.7 





or 

169768.9 








3 





5d'^ 

2 





4f' IF 

3 

162,364.6 


or 

169127.6 

. iD“ 

2 

170703.1 

' * j ' 





3 




68^ 8p« 

0 


5d^ 

2 


5d^ ipo 

1 

170827.4 





or 

169868.1 





1 

165829.8 


3 






2 









*[clontified in previoufi investigations. 
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REVIEW 


Light Calculations and Measurements— By H. A. E. Keitz. Pp. I.XVI+413. 

Philips Technical Library, Eindhoven, Holland, 1955. Price not given. 

As mentioned in the preface, the book is written avoiding as far as possible 
higher mathematics, so that beginners having l|ttle knowledge in higher mathe- 
matics can follow the subject easily. The book is divided into two parts. Part I 
dealing with light calculations and Part II wiifh measurement of light. Of the 
twelve chapters in Part I the first two chapters deal with some properties of 
light and measurement of solid angle, and th® next chapter w ith the units and 
(?alculations of luminous flux, luminous inlen|>ity and quantity of light. The 
fourth and fifth chapters deal with methods^ of diagrammatic representation 
of light distribution around a source of light. The units of illumination, lumin- 
ance and luminous omittance and methods of calculating these quantities have 
been explained in dotaill in the next three chapters. The properties of extended 
sources of various shapes have beeji discmssed in Chapter IX, and the next chapter 
deals with the influence of reflection, absorption and transmission of light in 
illuminating engineering. A fairly long chapter is then devoted to geometrical 
optics and luminance of images formed by optica) systems. The last chapter 
of Part I deals with photometric measuring units and thc^ir dependence on the 
sensitivity of the eye to different wavelengths in the visible region. 

In the second part various types of apparatus used for measurement of the 
quantities which have been defined in Part I have been described in detail and 
methods of measurement have been explained. Appendices containing several 
useful tables and also diagrams showing light distribution and zonal luminous 
flux in a few typical light fittings have also been included. 

Although the book is intended for beginners, frequent references to original 
papers have been included in it to help illuminating engineers engaged in re- 
search work in this line. The volume can be used as a text book in this subject 
and wide circulation of this book among professional illuminating engineers in 
India and other countries in which new' types of artificial light have been 
introduced only in recent years will no doubt result in the economic use of 
such sources of light. 

S. C. S. 
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A TIME OF FLIGHT NEUTRON VELOCITY SELECTOR 
USING SCINTILLATION COUNTER* 

A. P. PATRO 

Institute of Nuolbak Physics, Calcutta. 

{Received for publication, Novei^er 11, 1965) 

ABSTRACT. A method of sefecting neutrons,^ difForeiit energies in the range 1 Kev 
to 30 Kev is described. The method utilises sointilla|iun counters for the detection of neu- 
trons, ahd neutron energies are Pleasured from the tiiu^elapsing in its travel from one scintilla- 
ting phosphor to a second phosphor. It is shown tha| the niethod is capable of greater reso- 
lution , than the usual time of flight methods and ^various improvements are soggested. 
Measurements of transn^ission curves {'^ at) have been made in the above energy range for 
vanadium, manganese and bismuth. The evidence of resonances for these elements 
is found and discussed. ' ' 


INTBODUCTION 

The investigations of interaction of neutrons of different energies with nuclei 
of elements requires the production of neutrons of definite energies or selection 
of nedttons of definite energies from a spectrum of neutrons of different energies. 
Bombardments by charged particles of suitable targets yield neutrons of known 
energies which can be utilised in the high energy tegibns or diffracting 'crystals 
ean be used to separate neutrons of different energies according to Bragg delation 
in the: low energy range. In another method utilised for slow and intermediate 
neutrons, the heutron velocities' are measured by noting the time taken by the 
neutron to travel a* given distance. In this time' of flight method neutrbns are 
gjanerated in* short pulses and the time elapsing between its getieratiOrt and arrival 
at the detector is measured. The velocity v and consequently energy '£!' can be 
obtained from the reliAions 

. 62.3x102/^2, t^.T2.3IE^ ... ^.(1) 

wlieret =' flight time per metre in /^sfec/metre. At low energies pulses of neutrons 
haVe bboh obtaiiibd from reactors by regularly interrupting a ebntinup^us beam 
mechanlcaMy by means of absorbing shutters. Pulsed cyclotrons have been 
sucoessfiiHy used as accelerating agents for neutron spectrometers and the eicperi- 
ments witb the system described by Rainwater and Havens (1946) have been the 

. < ..t ’ ' i . • ' ' . ■ • . ‘ 

• I ♦ woii i8a* p&^ of the tX.Phil (Science) dissertation submit^ to the/dakitta 
iMhrSMty by tlto author in April, '1066< 
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most fruitful source of published data. Recently, linear accelerators have beeil 
used for producing bursts of neutrons by (y, Be) reaction from y-rays produced 
from the linear accelerator. Results of these time of flight methods can be ob- 
tained from the works of Rainwater and Havens (1946), Melkonian (1949), Havens 
and Rainwater (1961), Brill and Lichtenberger (1947), Selove (1951), Seidl ef al 
(1954), and Goulding et al (1954). 

THEORY 

The theory for obtaining the rcHolution is the same in all these methods. If 
X is the flight distance and i the flight time, then v xjt and resolution 



where Aa? is the uncertainty in flight distance and A^j, A /2 uncertainties in 
time of production and detection. 

The resolution can be improved only by reducing Lxjx and (A^j + A^2 )l^* 
Ax is fixed by the length of detector and the flight path x is fixed by the intensity 
of the source. Consequently resolution can only be improved by reducing (A/j + 
A< 2 )/<* Here t == xjv and is fixed by the energy of the neutrons that are being 
selected. and are the neutron pulse-widths at the source and detector. 
The minimum time resolution obtained so far is lA/isec by Seidl et al (1954). 
This figure is obtained because of the uncertainties in time of the production and 
detection of the neutron. If one can consider the actual time of formation and 
detection of the neutron, this time can be very much reduced. 

After the development of scintillation counters, it was found that detection 
times of the order of 1/lOOth of a /tsec. can easily be attained and these detectors 
have been widely used for detection and measurement of short half-lives of metas- 
tablo states of nuclei. Scintillation counters have also been used for detection 
of neutrons and if one uses a scintillating phosphor containing very high 
percentage of hydrogen it can also be used for measuring the neutron energy 
by measuring the energy transferred to the recoil proton. An instrument based 
on the above principle has been developed by Draper (1954). Draper has used 
his energy selection on the fact that if the scattered neutron is emitted at an angle 
of 90° with respect of the incident neutron, then by keeping that angle fixed by 
means of a second detector, the proton pulses will give the incident neutron 
energies. The proton pulses are delayed artificially by a time equal to the average 
time of flight of the recoil neutron to the second detector. The delayed proton 
pulses which are in coincidence with the neutron pulses are subjected to pulse 
height analysis and their spectrum is directly related to the energy spectrum of 
the incident neutrons. In the above method the energy distribution of the neu* 
tron source is utilised. In an^alternative method one can measure the time elaps* 
ing between the detection by means of proton recoil in the first detector and the 
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detection of the scattered neutron in a second detector. This time together with 
the between the two detectors will give the energy of the neutron. In 

this method the neutrons of various energies are created , so to speak, inside the 
first detector, and can be selected by inserting different delays between the two 
detector pulses. The advantages of a scintillation counter are that the two 
detector pulses are of the order of 10*«tol0-’ sec. depending on the phosphors and 
following electronic circuits used and time measurements between the two c^ 
be reduced to that accuracy. The detectors behig soMs have high efficiencies 
and A* can be small. This method of selecting out neutron energies has been 
employed and a time of flight neutron velocity selector has been developed. 


E X P E R I M E N A L 

The experimental arrangement is shown in.figure 1. /4 is the ’ 

Si,m organic oryrtJ and C i. a LiKCnl cry*»l. F»,t ncntron. Iron, d fall on 
the crystal B. The photomnltiplier detects; scintillation, dne to prrton 
n / C ottered neutrons travelling in the direction of the second crystd 0 
1 detected by the photomultiplier r. The output from t^e 

multipliers are passed through two pulse shapers o produce P«'^ f 
duration. Figure 2 shows the schematic diagram of the expen 



Fig. 1. Experimental arrangement of the neutron velocity selector. 










Utr 


H.P 



Fig. 2. Block diagram of the experimental arrangement. 

1 m,.*. amnlified bv distributed ampliflers (Hewlett. 

-W cir.n,.hy.«.lh.,leMlo.,cr -»1 
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RQ7/U cables. By changing the length of the RG7/U cables, various delays can 
be introduced in any one of the channels. The details of the apparatus is 
described elsewhere, (Patro, 1955). 

RESULTS 

Prom the delay versus count curve one can determine the velocity or ene^^gy 
spectrum, knowing the distance between the two crystals. Such a plot is shown 
in figure 3, where the abscissa gives the delay as well as the energy. Coincidence 
peak at zero delay is caused by the fast neutrons as well as by the gamma’s. The 
variation in the neutron intensity is due to the variation in intensity of the source 
and variation of detection efficiency with energy in the second crystal. 



Fig. 3. Noutron energy spectrum obtained with the neutron velocity selector. 

The resolution is given hy (2) where Aa:48 }i*lf the sum of the thickness of the 
two orystals and Atj + Af, is. the width of thie coincidence peak. ' The resolution 
obtained in an experimmtal set up along with those of the Harweli linear acce- 
lerator (Qoulding et al, 1954) are given below. 


Energy 

Kev. 

■■ ■ AE/E 

- Jlarwell . 

AEIB" 

-£resei^.expm:iD^ental set'up 

1 

ll%6 " ' 

; 

— -'i ' 

2 

r*.* 1- f -r n * 


^ '' p r ( T* - ^ 

4 


1/1.2 

<8.6 . . 

. '4/1 :v 




■' 'l tv\ ^ ' 
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Prom this compariBon it can be concluded that in this region with the present 
set up the resolution is not bad compared to the linear accelerator. This figure 
is preliminary and can easily be improved upon. 



BNEReV IN KEV 

Fig. 4. Neutron spectrum selected by the velocity selector without absorber and withj 
absorbers. 


VANADIUM 

BISMUTH 



IN KEV 

Fig. 6. Variation of with energy for manganese, bismuth and vanadium, 
scale is arbitrary and is different for different absorbers. 
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Transmission experiments performed with the set up for vanadium, manga- 
nese and bismuth are given in figure 4. Figure /> gives the variation of <r< with 
energy in the region investigated, where, 

_ Counting rate without absorber — counting rat^with absorber 
^ Counting rate without absorber 

Manganese shows a peak in CTf in the region 2.5 Kev to 7 Kev. This may well 
be due to the smearing effect due to poor resolution. Vanadium shows a peak 
at 3 Kev with half-wiflth of 3 Kev. This indicates' resonance levels in this 
region. Bismuth has also been studied and it shows strong absorption in the 
region 3 to 4 Kev. 


DISCUSSION 

An improved apparatus was set up to study neutron cross-sections in the 
region of 2.5 to 10 Kev. Tlie latter apparatus was^ used to check known 
values of manganese and sodium and increased resolution was obtained. It 
seems entirely feasible to increase the resolution ten times. 



Fig. 6. Variation of 'at with energy for manganese and sodium. 

soaIo ii* arbitary and different for sodium and manganese. 

Recent Compilation of total cross-section data (Hughes and Harvey, 1955) 
confirm all the aboye features and reveal .many other resonances in the region 
investigated, , , , , , ; 
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Time of FtigM l^eviron Velocity Selector, etc. 

The poor resolution of the experimental set up is due to the weak neutron 
source (8mc. BaB — Be neutron source) and consequent use of large phos- 
phors and small flight paths. By using small crystal 1 cm thick and keeping the 
dight path to one metre and using a coincidence circuit of Im/^sec resolving time, 
it is possible to obtain a resolution of < 5% even up to 0.5 Mev. 

There is a further advantage that the method can be applied to measure 
variation of (n, y) cross-section by having the sample near the second crystal whicjli 
in that case will be a gamma detector. The work is being continued. 
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ABSTRACT. The near ultraviolet absorption spectra of a-methyl naphthalene and 
^-methyl naphthalene have been studied for the liquid and solid states at' low temperatures 
and the results have been compared with those for the vapour state reported by previous 
authors. Both the substan(;es yield two systems of bands. 

In the case of o-methyl naphthalene, in the first B 3 r 8 tem of bands the 0-0 band is at 
31192 cm “1 for the liquid state and is displaced by 976 cm-"! towards the longer wavelength 
side from its position in the vapour state. The 0-0 band in the solid state is at 31285 cm-^ 
and shows only a small displacement of 93 cm'I with respect to that in the liquid state. Thus 
the major change in the 0-0 band of this system takes place with the liquefaction of the 
vapour. In the second system, on the other hand, the major change in the excited electronic 
state occurs when the liquid is solidified and cooled to — ISO'^C. It was found necessary 
to assume that the electronic energy level is split up due to strong intermolecular field result- 
ing from the formation of virtual bonds between neighbouring molecules in the solid state 
at -180°C in order to assign the bands satisfactorily. 

In tiie case of ^ -methylnaphthalene, in the first system the 0-0 bands for the liquid and 
solid states are at 31202 and 31114 cm“^ respectively, while that for the vapour state is 
at 31693 cm“i. Thus with the liquefaction of the vapour and the subsequent solidification 
of the liquid the 0-0 band shifts towards longer wavelengths by 391 and 479 cm-i respec- 
tively. The 0-0 band of the second system due to the liquid imdergoes a large shift of 1684 
cm towards longer wavelengths from its position in the case of the vapour. With solidi- 
fication of the liquid there is a further shift of 234 om-i of the 0-0 band towards longer wave- 
lengths. But in this case no splitting of energy level is observed with solidification and 
lowering of temperature. The results have been discussed and compared with those obtained 
by previous authors for the frozen solution of ;3-methylnaphthalone in 3-methyl pentane rigid 
glass solvent at 77®K. 


INTRODUCTION 

The ultraviolet absorption spectra of a-chloronaphthalene and a-bromo- 
naphthalene in the vapour, liquid and solid states at low temperatures were 
studied by Deb (1954) in this laboratory. Both the substances showed two 
systems of absorption bands in the near ultraviolet. It was observed by him 

*Coiiunuiuosted by Prof. S. C. Sirkar. 
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that the VQ-bands of the two systems shift towards longer wavelengths with the 
liquefaction of the vapour. These results clearly suggest that the excited elec- 
tronic energy state is lowered by the influence of the interniolecular field in 
the liquid phase of these compounds, as observed also in the case of many sub- 
stituted benzenes (Swamy, 1952a, 1953; Deb, 1952, 1953). The absorption 
spectra of o-dichlorobenzene and m-chlorotoluene, however, show that a splitting 
of the electronic energy levels takes plact? with solidification and lowering of 
temperature to — 180®C. (Sirkar and Swamy, 1^52; Swamy, 1952&, 1953). No 
such splitting was observed in the case of a-chloro- or a-bromonaphthalene. 

The ultraviolet absorption spe(*tra of a-methylnaphthalene and /^-methyl 
naphthalene in the vapour state were studied by de Laszlo (1925). These sub- 
stances also exhibit bands in two distinct regions extending from 30(K) A to 

o o o 

3200 A and from 2500 A to 2900 A respectively. Recently, the absorption 
spectra of /]?-methylnaphthalenc in 3-methyl pentane rigid glass solvtmt at 77°K 
were studied by McConnell and Tunnicliff* (19(55) who obtained two systems 
of bands with the v^j-bands at 31412 cm”^ and 34410 em“^ respectively. It 
is not knowUj however, whether the bauds undergo major changes with solidi- 
fication of the pure liquids. The present investigation was undertaken to study 
the absorption spectra of a -methylnaphthalem^ and /^-methylnaphthalene in 
the liquid state and in the solid state at low temperatures and to compare the 
results with those for the vapours. It was also intended to compare the results 
for the pure crystals of ^ -methyl naphthalene at — 1 80°C with those of the solid 
solution in 3-methyl pentane at 77°K. 

EXPERIMENTAL 

The liquids used were of chemicially pure quality and were supplied by 
Eastman Kodak Co. They were repeatedly distilled under vacuum before use. 
With films of thickness of the order of a few microns the bands in the region 

o 

2500-2990 A were fairly intense, while considerably thicker films showed other 

o 

weaker bands in the region 3000-3200 A. A hydrogen discharge tube running 
at 3 KV served as the source of continuous spectrum. Spectrograms were taken 
on Ilford HP 3 films with a Hilger E I spectrograph having a dispersion of 3 A.U. 

in the region 2600 A. As the continuum from the hydrogen discharge tube con- 

o 

tained a number of intense emission bands of nitrogen in the region 3000-3200 A 
there was a little difficulty in identifying the absorption bands of a-methyl 
naphthalene falling in that region. To remove this difficulty a spectrogram 
of the liquid was obtained using a tungsten-ribbon lamp in silica bulb as the 
source of continuous radiation and a Hilger medium quartz spectrograph. Micro- 
photometric records of the spectrograms were taken with a Kipp and Zonen type 

2 
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nelf-recynlirig microphotometer. Iron arc spectrum was recorded on each 
spectrogram as a comparison. 

In order to find the wavelengths of the absorption peaks accurately from 
the microphotometric records, a suitable iron arc line was chosen in each spectro 
gram and a linear Hcrat(ih was made on the absorption spectrum in the position 
of this line to serve as a reference line. A microphotometric record of the iron 
arc spectrum was then taken from the same film. The wavelengths of the absorp> 
tion peaks in the record for the absorption spectrum were then determined by 
measuring the distances of the peaks from the reference line and finding out the 
wavelength on the record due to iron arc spectrum at this distance from the same 
reference line. The wavelengths of sharp bands could be measured with an 
accuracy of about 1.0 A.U. by this method. 

RESULTS 

The micropliotometric records of the absorption spectra are reproduced 
in figures 1, 2, 3 and 4. The frequencies in cm“^ of the bands and their assign- 
ments are given in Tables I and II. Assignments for the second system of 

o O 

bands in the region 2500 A~2900 A of a-methylnaphthalene in the solid state 
at ~-J80®C have been made on the assumption that the electronic energy level 
is 8})lit up into three components; otherwise the bands could not be assigned 
properly. No such splitting was, however, observed in the case of ^-methyl- 
naphthalene in the solid state at — 180°C. 

Th(‘- spectra of the compounds in the vapour state were not studied, as they 
had already been reported by de Laslo (1926) who, however, could not assign 
the bands properly, probably because the Raman eifect had not been discovered 
at that time. The frequencies of the absorption bands were determined from 
the absorption curves for vapour reproduced in his paper and assignments were 
made. These assignments have been included in the Tables I and II for com- 
parison. 


DISCUS8I OiN S 

It can be seen from figures 1, 2, 3 and 4 as well as from Tables I and II 
that the absorption spectrum of either a-methylnaphthalene or yff-methyl- 
naphthalene consists of two groups of bands. The relative intensities of the 
bands in the two groups clearly indicate that they consist itute two distinct 
systems. The feeble group of bands on the longer wavelength side was called 
Part I by de Laszlo (1925) while the other group was called Part II by him. In 
this paper they are designated as the first system and the second system of 
bands respectively. The changes observed with liquefaction of the vapours 
and with solidification of the liquids are discussed below. 
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a-Methylnaphthalene 

I. Bands of the first system 

Ab the first band of the first system of a-methylixaphthalene at — 180°C is 
very strong this is taken as the v^-band. Consequently, the third strong band 
in the curve reproduced by de Laszlo is taken as the VQ-band, the other two bands 
on the longer wavelength side being assigned as those due to transition. 
The frequency differences 708 and 1125 cni~i agree fairly well with the Raman 



80 00 31800 32800 cm-i 

Fig. 1. Microphotometric records of the ultraviolet 
absorption spectra of « -methyl naphthalene 
(First System), 

a) Liquid at 84®C, (b) Solid at - 1 80®C. 

shifts 700 and 1141 cm”^ observed by Ziemecki (1932). If the V 0 *band 

is taken at 32168 cm*”^ we get bands at distances 387, 872 and 1264 cm“^ res- 
pectively from the VQ-band. These are evidently some vibration frequencies 
in the excited state. In the case of the liquid these frequencies are not observed, 
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but the bands can be assigned satisfactorily by assuming excited state frequen- 
cies, 434, 615, 1041, 1224 and 1467 respectively, while the the solid state 
these are changed to 421, 664, 1078, 1278 and 1470 cm~* respectively. The 

e., Ao 

I I I 



;J3000 34000 35000 36000 37000 cm’ i 

Fig 2. Miorophotometric records of the ultraviolet absorpl ion spect ra of o-methyl 
naphthalene (Second system). 

(a) Soliil at -~1S0^C. (b) Liquid at 34'^C. 

Vo-bands in the liquid and Holid statoH are at HI 192 cm-^ and 31285 cm~i res- 
pectively. Thus with the liquefaction of the vapour the v^-band of this system 
shifts by 976 cm‘^ towards the longer wavelengths. It is thus evident that 
the excited electronic levels are lowered by the intermolecular field in the liquid 
state and also some of the excited state frequencies are changed. 

II. Bmids of the second system. 

Prom the absorption curve published by de Laszlo (1925) the absorption 
spectra of a-methylnaphthalene in the vapour state is found to have four bands 
in the second system of which the first and the most intense band at 34940 cm”^ 
on the longer wavelength side can be taken as the VQ-band. In the liquid state 
the compound shows six broad bands, the first band on the longer wavelength side 
being weaker than the other bands. In order to identify the v^-band it was 
found indispensibly necessary to study the absorption spectrum ill the solid 
state. In the spectrum of the solid, the first intense band is at 38463 om“i, 
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TABLE I 


Absorption bands of a-methylnaphthalene 


Vapour 

de Laszlo, 1925 

Liquid at 34^^00 
Present author 

Solid at -180°C 
Present author 

Wave 


Wave 


Wave 


number 
(cm^i ) 
and Int. 

Assignment 

number 
(cm~i ) 
and Int. 

Assignment 

number 
(cm-*) 
and Int. 

Assignment 

system 

1 st system 

1 st system 

31043 (vw) 

1^0-1125 

31192 (vs) 

Vo , 

31285 (vs) 

Vo 

31460 (m) 

Vo- 708 

31626 (w) 

434 

31706 (m) 

Po+ 421 

32168 (vs) 

Vt 

31807 (ms) 

>- 0 + 615 

31949 (ms) 

664 

32555 (ms) 

Vo+ 387 

32233 (w) 

ro H1041 

32363 (s) 

i'«+1078 

33040 (s) 

r«-f 872 

32416 (s) 

f 1224 

32563 (s) 

Xo+1278 

33432 (vs) 

>-0+1264 

32659 (w) 

1-1467 

32755 (w) 

roM470 


2 nd system 2 nd system 2 nd system 


34940 (va) 


34460 (m) 

Vo 

32766 (w) 

O'. 

35262 (w) 

i'o+ 322 

35127 (s) 

666 

33141 (w) 

B„ 

35540 ( 8 ) 

r* H" 600 

35555 (s) 

r* + 1095 

33463 (m) 

d. 

36420 (vs) 

1480 

35947 (s) 

ro-fl487 

33756 (m) 

<7o+ 990 

36221 (s) 

roH- 1095 

33854 (m) 

C',+ 1088 



+ 666 

34131 (s) 

Ao+ 668) 




36659 (w) 



flo+ 990J 


1095 

34228 (s) Bo +*088 

34454 (vs) Ac+ »»0 

34660 (vs) ^ 0 + 1088 

3488J ( 8 ) A.. + 1418 

36126 ( 8 ) Ao+ 668 + 

090 

35532 (s) i4„+l088+ 

990 

35646 (m) ^,+2x1088 

35973 (m) A 0 +IO 88 + 

1418 


36432 (w) Ai,+Sx990 
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TABLE II 

Al)sorption bands of y?-methylnaphthalene 


Vapour 

de LaBzIo, 1925 

Liquid at 37 °C 

Present author 

Solid at -18(r»C 
Present author 

Wav© 

number Assignment 

(cm-i ) 
and Int. 

Wav© 

number Assignment 

(em-^ ) 
and Int. 

Wav© 

number Assignment 

(cm-i) 

and Int. 

Ist system 

Ist system 

Ist systeiti ' 

31066 (vw) Vo- 628 

31202 (vs) 

Wo 

31114 (vs) Wo 

31693 (vs) Wo 

31596 (w) 

394 

31526 (w) Wo+ 412 


31932 (ms) 

32333 (s) 

32959 (vs) 

33418 (w) 

33763 (8) 

34332 (vs) 

ro 1 339 

ro'l 740 

-1-1366 

n 4 2x740 
-f339 

ro-f2x740 
+ 2x339 

ro+2x 1366 

31939 (ms) 

32521 (ms) 

32680 (ms) 

33267 (w) 

r«+ 737 

ro+1319 

Vft+ 2x737 

K« + 737 + 

1319 

31876 (s) 

32500 (ms) 

32638 (w) 

33059 (w) 

ro+ 762 

Pc "4“ 1 386 

f,+2x762 

ro+2x762 
+ 412 

2nd system 

2nd system 

2nd system 

36260 (vw) 

Wo- 500 

34166 (m) 

Wo 

33932 (s) 

Wo 

35760 (s) 

Wo 

34656 (ms) 

v„+ 390 

34342 (vs) 

ro+ 410 

36220 (a) 

1^0+ 470 

36263 (s) 

r« + 1097 

35016 (ms) 

r«+ 1084 

37006 (vs) 

ro+ 1256 

35600 (s) 

ro+ 1334 

35263 (vs) 

86+1331 

37160 (ms) 

r«+1410 

35883 (s) 

ro+1334+ 

35671 (ms) 

>6 + 1331 + 

37624 (vs) 

r„+1410+ 

470 

36273 (w) 

390 

r,+ 1334 + 

36339 (w) 

410 

86+1331 + 

38091 (s) 

ro+1410 + 
2x470 

36835 (ms) 

2x390 

1^0+ 2 X 1 334 

36605 (w) 

1084 

86+2 X 1331 


This band is aocompanied by two faint satellites, both being on the longer wave- 
length side of it. These fainter bands cannot be dne to t?-»0 transition as at 

present in tl^ excited state in this m ode of 
vibration is negligible. It is also found from the microphotometer records 
(figure 1) that each of the other two principal bands at 34454 cm’^ and 34560 cm*^ 
is accompanied on the longer wavelength side by two companions which are 
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much feebler than the main band. It can, therefore, rightly be concluded that 
the electronic energy level is split up into three components in the case of this 
substance in the solid state at — 180°C. Such splitting of energy level was also 
demonstrated in the case of o-dichlorobenzene (Sirkar and Swamy, 1952; Swamy, 
1953) and m-chlorotoluene (Swamy, 19526). This phenomenon may be due 
to the influence of strong intermolecular field brought into play by the forma- 
tion of virtual bonds between the molecules in the solid state at -180T/. The 
assignments given in Table I are made on this assumption. The first band at 
33463 cm“i is designated as and its two siatellites at 33141 and 32766 cm-“^ 
as and Cq respectively. This assignment iand a comparison of the relative 
intensities of the bands due to the solid with ^ose due to the liquid leads to the 
selection of the weak band at 34460 cm“^ as thlfc VQ-band in the case of the liquid 
Thus with solidification of the liquid the v^lband shifts by about 1000 cm“^ 
towards longer wavelength besides being spli| up into three components. The 
shift of 480 cm”^ of the vo-band of the liquid towards longer wavelengths with 
respect to that in the vapour state is again di^ to the intermolecular field lower- 
ing the excited electronic energy state in the condensed phase of the substance. 
In the spectra of the liquid the bands obtained are broad and the excited state 
vibrational frequencies 666 cm-^, 1095 cm-^, 1487 cm“*i and their combinations 
are observed. This broadening of the bands in the liquid state may be due to 
the fluctuation of intermolecular field caused probably by thermal fluctuation 
of density. 

M ethylnaphthalene 


I. Bands of the first system. 

In the first system six bands have been observed for both the liquid and 
solid states of )?-methylnaphthalene. The strong bands at 31202 cm~^ and 
31114 cm“^ are taken as the VQ-bands respectively for the liquid and solid states. 
In the case of the vapour, the strongest band on the longer wavelength side is 
at 31593 cm“^ as given in the absorption curve for vapour reported by de Laszlo 
(1925). This is to be taken as the Vp-band, because the band at 31065 cm~i is 
very weak. The bands of the vapour can then be assigned satisfactorily as 
shown in Table II. With the liquefaction of the vapour and with the 
solidification of the liquid the Vp-band shifts towards longer wavelengths 
by 391 cm""^ and 479 cm“^ respectively with respect to the vp-band in the vapour 
state. The other bands in the liquid state correspond to the fundamental excited 
state frequencies 394, 737 and 1319 cm"*^ and their harmonics and combinations. 
These are slightly different from the frequencies observed in the case of the 
vapour. The frequencies change to 412, 762 and 1386 cm”*^ respectively with 
the solidification of the substance. Thus the excited state frequency 339 cm“* 
increases to 394 and 412 om“"^ respectively with liquefaction and solidification 
of the substance. The other two frequencies are not affected so much with 
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solidification, but the frequency 1366 cra’”^ seems to diminish a little with 
liquefaction. 

In the sjxjctra of /^-methylnaphthalene dissolved in 3-methyl pentane rigid 
glass solvent at 77°K, McConnell and TunniclifF (1955) observed the v^-band at 
31412 cm“^ and seven other bands corresponding to frequencies 430, 710, 960 
and 1410 cm""^ and their harmonics and combinations. They attributed the 



30800 31800 32800 cm -i 

Fig 3. Microphot omatric records of the ultraviolet 
absorption spertra of -methyl naphthalene 
(First system). 

(a) Liquid at 37°C. (b) Solid at -^180®C. 

absorption bands to the single molecules of -methylnaphthalene. A compari- 
son of this result with that obtained for pure yff-methylnaphthalene in the solid 
state at 180®C reveals that the v^-band for the pure substance lies at a dis- 
tance of 298 towards longer wavelengths with respect to the v^-band of 
the frozen solution spectra. This difference can be explained on ,the assumption 
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thdrt th© elootronic energy level is perturbed by the intermolecular field and that 
this field in the pure substance is different from that in the solvent. The change 
in the frequency of v^-band with liquefaction supports this conclusion. As the 



33000 34000 35000 36000 37000 cm-A 

Fig. 4. Microphotometric records of the ultraviolet absorption spectra of 
^.methylnaphthalene (Socoiid system). 

(a) Solid at -180°. (b) hiquid at 37°C. 

v^-band tends to shift towards its position in the vapour state when the mole- 
cules are dispersed in the 3-methyl pentane glass, it might be inferred that break- 
ing up of associated groups in the solution are responsible for this shift. 

II. Bands of tht seco^id system. 

In this system the substance exhibits seven absorption bands in both the 
liquid and solid states. The VQ-band due to the licjuid is at 34160 cm~^ and 
that due to the solid is at 33932 cm~^. Taking the strong band at 35750 cm~^ 
as the VQ-band due to the vapour state from de Laszlo^s curve for the vapour, it 
it seen that the vg-band is displaced by 1584 cm“^ towards longer wavelength 
when the vapour is liquefield, while the band shifts still towards longer wave- 
lengths by 234 cm~^ when the liquid is solidified and cooled to — 180®C. No 
such large shift in the VQ-band takes place in the case of th© first system. Thus 
in this case the intermolecular field has much greater influence on the second 
system than on the first system. If these results for /^-methylnaphthalene are 
compared with those obtained in the case of a-methylnaphthalene it is observed 
that the influence of intermolecular field in the former case is quite different 

3 
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iruin that in the latter case, because in the case of a-uiethylnaphthalene a ntajoi!. 
change in the first system takes place with liquefaction of the vapour and further, 
very large changes take place in the second system with solidification of the 
lifluid. The position of the substituent thus determines the influence of inter- 
mol(!(!ular field on the electronic energy states. 

This large shift (*f ir)84 cm ' of the i^o-band in the case of /?-methylnaphtha- 
lene may be due to formation of strongly associated groups of molecules. The 
other bands of /y-m(!thylnaphthalene due to the liquid can bo expressed in terms 
of tlm'o fundamental frequencies ;J90, 1097 and 1334 cm"^. These are changed 
to 410, J084 and 1331 cm"^ in the solid .state. 

In the frozen solution of ^-methylnaphthalene in 3-methyl |)entane glass 
solvent at 77°K, McConnell and Tunnicliff (1955) observed seven bands which 
were not assigned j)foj»erly. If the first band at 34410 cm“i is taken as the 
vn-band, it is seen that the v„-band of the pure substance at — ISO^C is displaced 
towards longer wavelengths by 478 (!m“^ with repsect to the frozen solution 
spectra. This f)robably indicates that the intermolecular field in the pure sub- 
staivic in the solid state at— 180°C is stronger than that in the solution in 3-methyl 
pentiine at 77 °K and therefore, even in the case of single molecules dispersed 
in the glass, the v„-band is rlisplaced towards longer wavelengths by about 
1100 om"t from its position in the vapour state. 

ACKNOWLEDGMENT 

Tlic author’s thanks are due to Prof. S. 0. Sirkar, D.Sc.. F.N.J, for his kind 
interest and helpful guidance during the progress of the work. 

K E F E H E N C E S 

(Ih LhszIo, H. (!., 1925, Zeitn. /, Pliyx. dhem., 118, 3()9. 

Dob, A. 11., 1952, ImL J. Phyn., 26, 201. 

Dob, A. H., J95.3, ImJ. J. Fhys., 27, 183. 

Dob. A. R., 1954, Ind. J. Phys., 28, 21. 

McConnell, H. M. and Tunnicliff, D. D., 1955, J. Chtm. Phya., 28, 927. 

Sirkar, S. C. and Swamy, R. N., 1952, ./. (Jhem. Phya., 20, 1177. 

Swamy, H. N., I952«, Ind. J. Phya, 26, 119. 

Swamy, H. N., 19526, Ind. J. Phya., 26, 445. 

Swamy, H. N., 1953, Ind. J. Phya., 27, 65. 

Ziomecki, S., 1932, Z. Phyaik, 78, 123. 



13 


analysis of the near ultraviolet absorption 

SPECTRUM OF ORTHOCHLOROANISOLE . 

V. SURYANARAYANA and V. RAMAKRISHNA RAO 

Physics Department, Andhra ITNivteusTTY, Wat.tair 
{Received for publication, Novpfrj^er 12, 1955) 

Plate III i 

ABSTRACT. About 66 brtnfls roponlod in^ tlio absorption spectrum of ortho- 
chloro-aitisole in the region 2873 to 2503 A.I^. a,n«l interi»rctefl on ttie Iwsis of 8 fundaiuentala 
in upper jatate and 4 fundaniontals in lower stale. Ini the lishl of Hnnian frequencies and 
their depolarisation factors, the ultra-violet fundanioBlals are eorreintisl and assijiiied to 
various Wclos of vibration. The moli'cnle is assumed to belong to the point (froup t\. 

I NT KO DtU'T rON 

The absorption spectra of many disiihslitutefl ben/.enes remain <o bi* studied 
and interpreted. Inorder to understand Ibe vibrational rreiiuemies a systematic 
investigation of a series of molecules of the typi* X-t\,H 4 -- Orfb, (substituted ani- 
soles) has been taken up, with ’X' being halogens or (OH) or (OH.,) units. Work 
has been finished and preliminary reports appeared on (I) ortho-chloro-anisole 
(2) para-chloro-anisoler and (3) para-fluoro-anisolc (Hao and Siiryanarayana, 
1955) while investigations are in progress on para-bromo-anisole, the methoxy 
phenols and methoxy toluenes. In the following jiages, our detailed results on 
the near ultraviolet absorption spectrum of o-chloro-anisole (1, 2, Ot Hg 
—Cl) are reported. 

The Raman spectrum and dejiolarisation data of the molecule have been 
reported by Herz (1946). The frequency data were obtained by us also and 
checked. The present work appears to be the first investigation on the ultra 
violet absorption spectrum. Our attempts to obtain the fluorescenci* spectrum 
under various conditions were not fruitful. It is jirobable that the molecule does 
not fluoresce. 


EXrERIMKNTAi- 

The substance o-chloro-anisole is obtained from B.D.H. Its boiling point 
is 196®— 196°C at 760 mm. pressure. This is purified by distilling three times in 
vacuum sealed tubes in the temperature range 70“— 80°(! and this distilled 
product is used for further work. 
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The absorption tube (figure 1) is an all-quartz one of various lengths (A) 
with fused plane windows. The side limb B is for containing the liquid while 
C is a quartz to pyrex graded seal. To this pyrex end, component D is attached. 
The end Eia connected to a vacuum pump and the whole tube is evacuated conti- 
nuously with intermittent heating so as to degas the tube. After 36 hours the 
tip F is broken and the liquid is introduced into D and F is sealed off again. Im- 
mersing D in a low temperature bath ( — 18®C) evacuation is repeated for half an- 
hour and the tube is sealed near E. About 1 c.c. of the liquid in D is distilled into 



B and the tube is sealed off between and D. Under these conditions the subs- 
tance in the absorption tube exists at about its saturated vapour pressure which 
depends on the temperature of the container B. This is regulated to any desired 
value by changing the temperature of B, 

For temperatures higher than the room temperature the main body of the 
absorption tube has to be kept at about 10°C higher than the temperature of the 
container. This is achieved by keeping the absorption tube in an asbestos furnace 
with attached quartz windows and a nichrome heating element. The container 
protrudes out of the lower surface of the furnace through a hole and is immersed 
in a suitable temperature bath in a silvered thermos flask to acquire any desired 
temperature. 

Of the various path-lengths used (10, 25, 60 and 75 cms), the 75 cms tube 
operated in the temperature range — 18°C to 160^^0 is found most suitable. To 
develop the bands on the long wavelength side of the (0,0) band, a 150 cms tube 
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Fig. 2. Raman spectrum of o-chloroanisole. 
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is used in the temperature range 20® C to 60® C, The nature of the spectrum depends 
on two factors (1) the path length (2) the temperature of the liquid con- 
tainer. The spectrum obtained with 75 cms tube at 28®C is found to be similar 
to that obtained with 150 cms tube at a temperature of 0®C. Thus on account 
of the greater path length the ground state frequencies are obtained at a lower 
temperature before the continuous absorption sets in. 

Hilger hydrogen lamp run on stabilised ^iroct current hydrogen lamp supply 
unit FL 16 is used as a source of continuum, i Spectrograms were taken on Hilger 
small quartz, medium quartz and quartz Littrow spectrographs. The quartz 
Littrow pictures were taken only at the condition where the maximum number of 
bands developed. The other studies were cojdfined to the other two instruments. 
Exposures were two minutes with baby qua|tz and 5 to 10 minutes on medium 
quartz and about 2 hours on quartz Littro|r. Ilford Special Rapid plates were 
used. Measurements of wavelengths were ^ade with a Higher comparator and 
with reference to standard iron lines. Each|band is n^easured at least four times 
from all the plates and the mean value is givefa for the wavelength. Intensities are 
visual estimates in the scale 0 to 10 and are relative within the small regions that 
develop under various conditions. 

To obtain the Raman data, about 5 cc of the specimen was used in a small 
Raman tube with a modified Woods set up using two mercury arcs of pyrex glass 
made in our laboratory. The exciting radiation was the A 4H58 of mercury filtered 
through the Rohdainine 5r//)iV extra, a Du Pont dye, in para-nitro-toluene in 
ethyl alcohol solution. With the narrowest slit an exposure of twelve hours was 
given to obtain a good Raman spectrum, (Plate III). 

RESULT S 

With the 75 cms path length, about 60 hands were recorded in the region 
2826 to 2600 A. IT. in various stages of the nearly saturated vapour pressures 
corresponding to the temperatures ~ l8®Cto 160®C. There is a region of conti- 
nuous absorption below 2250 A.U. which spreads to longer wavelengths at h gher 
vapour pressures finally merging into the first region. 

At the saturated vapour pressure eorrespf)nding to — 18®0 only one band 
was recorded at 2795.6 A.U. This helps us to fix up the (0, 0) band at 2795.6 A.U. 
As the temperature of the container is increased in units of about 10 C, more and 
more bands are developed to the short wavelength side of 2795 A.U. The maximum 
number of discrete bands are recorded when the container is kept at 28 C (figure 
3). At higher temperatures, the absorption in this region grows stronger and be- 
comes continuous, a few bands were recorded on the long wavelength side of 2795 
and in the region below 2640 A.U. This study is pursued until all the bands dis- 
appear in continuous absorption. With a 75 cms path length no band was 
recorded on the long wavelength side of 2828.7 A.U. Using a 150 cms path 
length and container temperatures in the region 0®C to 60 C, we could reeprdfive 
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bands in the region 2828.7 and 2873.3 A.U. Beyon<l tiiis temperature these bands 
again merge in continuous absorption. 

The bands in general appear to be red-degraded. While they are not diffuse 
there appears to be a certain breadth of the bands. The maximum intensity 
of absorption appears to be in the region 2746 to 2715 A.U. Next in order, follo>\ 
the regions 2828 to 2818 and 2700 to 2685 A.U. The long wavelength bands 
developed with 160 ems path length are very weak. The wavelength, wave number 
and intensity data were given in Table I. The intensities were only relative 
and at the path lengths mentioned. 

DISCUSSION AND ANALYSIS OF THE SPECTRUM 

The band at 2795.6 A.U. is obviously the (0, 0) band. Frequency shifts of 
various bands from (0, 0) band are given in column 4 of Table I. The identi- 
fied fundamentals in both the states with corresponding Raman data and assign- 
ments were given in Table II. The strong bands with shifts 641, 767, 948 and 
1060 cm~^ (figure 3) are easily identified as fundamentals in the upper state. 
Of these 641 and 948 appear to be stronger than the others. Less obvious are 
the fundamentals 357, 518, 1274 and 1389 cms“^ In the ground state four funda- 
mentals could be identified with reasonable certainty with values 279, 418, 565 
and 690 cm"*^ Tlu- band at 887 cm~^ may possibly be a fundamental, it 
does not find much support in combination bands. The fundamentals 641, 767 
and 948 occur as overtones and combinations within thenivselves and with other 
lower and upper state fundamentals. Of the 65 bands recorded only about 7 are 
loft uninterpreted on the basis of these fundamentals. Some theoretical consi- 
derations for the analysis and discussion of the assigned fundamentals are given 
below. 

If we treat (OCH3) group as one unit, this molecule 0-Cl-C<jH40CH3 (o- 
chloro-anisole) at best belongs to the point group C, with only the molecular plane 
(Tg perpendicular to Z-axis as the element of symmetry. Only two types of elec- 
tronic and vibrational levels are possible: the A* and a' respectively symmetric 
to the plane of the molecule and A” and a" antisymmetric to the same. The 
selection rules are given in Table III. 

A molecule X-C3H4-Y will have 30 vibrations out of which 21 are of a' type 
and 9 a" type. Both are allowed in Raman and infrared spectra. Considering the 
molecule as X-OCH3 where X is the rest of the phynyl radical, we expect 12 modes 
of vibration thus accounting for the total of 42 vibrations to be expected for the 
general molecule o-ohloroanisole. 

In benzene the near ultraviolet absorption spectrum is due to a forbidden 
Ai^— transition. The present system is obviously its corresponding transi- 
tion. Both the above states become A* states in C, point group and this transi- 
tion A*— A* is allowed; the transition moment lies in the molecular plane. 
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TABLE I 

Bands of ortho-chloro-anisole 


Wave- 

lengths 

(^) 

Inten- 

sity 

Wave- 

numbers 

(»’) 

Shift 
from 
(0. 0) 
band 
(A*') 

Obs. value 

Assignment 

Ai' 

Calc. 

value 

Difference 

between 

observed 

and 

calculated 

values 


150 Cms. path length. 

r ^ 

) 



2873.3 

i 

34793 

- 967 




2866 . 7 

a 

34873 

- 887 

0-887 1 



2862 . .5 

i 

34924 

- 836 

0-2x|18 

- 836 

0 

2850.6 

2 

35070 

- 690 

0-690^ 



2840.5 

li 

35195 

- 565 

0-565' 




75 Cms. path length. 




2828.7 

i 

35342 

- 418 

0- 418 



2824.8 

1 

35390 

370 




2817.6 

3 

35481 

- 279 

0-279 



2810.5 

6 

35570 

— 190 

0-2x418 + 641 

- 195 

5 

2803 . 5 

7 

35659 

- 101 

0-2x690 ! 2x641 

— 98 

3 





(0-2x690+1274 

- 106 

5 

2799.6 

1 

35709 

- 51 

0—990 + 641 

- 49 

2 

2795.6 

9 

35760 

— 0 

(0, 0) band 



2790.9 

1 

35820 

-f 60 

0 1 948-887 

+ 61 

1 

2788.1 

3 

35856 

4- 96 

0 + 518-418 

+ 100 

4 

2781.5 

3 

35941 

^ 181 

0 1 1060 — 887? 

+ 173 

8 

2775 . 5 

0 

36019 

1- 259 

fO j 948-690 

4- 258 

1 





(0 f 357 1 2x641-2x690 

+ 259 

0 

2770.9 

1 

36079 

4 319 

0+ 357-51 

+ 306 

13 

2768.0 

3 

36117 

4- 357 

0 1 357 



2764.4 

0 

36164 

4- 404 




2760.0 

1 

36221 

4- 461 




2755.7 

4 

36278 

4 518 

0 1 518 



2751.3 

1 

36336 

i 576 

0+6414-357-418 

+ 580 

4 

2746.4 

8 

36401 

h 641 

0 + 641 



2740.3 

2 

36482 

-f- 722 

(0+2x357 

+ 714 

8 





)0+641 1-767-690 

+ 718 

4 
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TABLE I (contd.) 


Wav(5- 

lengthfi 

(X) 

Inteii- 

8ity 

Wave- 

niimbtirs 

(*•) 

Shift 
from 
(0, 0) 
band. 

(Ai*) 

Ob«.valuo 

Aswignmeiit 

Calc. 

value 

Difference 

between 

observed 

and 

calculated 

values 

2736.9 

7 

36527 

f 767 

0 i 767 



2729.9 

1 

30021 

* 861 

0 1 1274-418 

-i- 856 

5 

2723.4 

7 

36708 

H 948 

0 1 948 



2719.4 

3 

36762 

^ 1002 

0.041+357 

-j 998 

4 

2715,1 

6 

36820 

j 1060 

0+J060 



2709.8 

i 

36892 

! 1132 

0 1 767 -f. 357 

1 1124 

8 

2704.8 

1 

36960 

1 1200 

0 + 2x948-090 

-1 1206 

6 

2699.4 

3 

37034 

1-1274 J 

10 4 2 x 641 

4 1282 

8 




1 

10 + 1274 



2696.0 

1 

3708J 

! 1321 




2691 . 1 

•) 

37149 

1- 1389 

04- 1.389 






1 

f0-( 641+767 

--1408 

8 

20H0. 1 

3 

37176 

-1-1416 \ 

!0 j 1060 1 357 

1 1417 

1 




1 

|0 1 1060 1 767-418 

+ 1409 

7 

2084 . () 

J 

37234 

4-1474 

0 1 2X 948 — 418 

1 1478 

4 

2080.8 

0 

37291 

-1-1531 

0 . 2 X 767 

+ 1534 

3 

2078.2 

i 

37327 

-f 1567 




2077.0 

J 

37344 

-1-1584 

0 1 641 1 948 

! 1589 

.5 

2075.0 

1 

37360 

-1-1600 

0 (1060 + 948-418 

i 1590 

10 

2072.7 


37404 

11044 (0 12x6414.3.57 

[ 1639 

5 




(0-1 1389 1 948-^690 

f 1647 

3 

2007.2 

2 

37481 

H 1721 

0 } 7674 948 

1 1715 

6 

2003.8 

i 

37529 

1 1769 

(0 1 3.57 1 041+ 707 

1 1765 

4 





|0 |. 1080 + 2x357 

f 1774 

5 

2059.7 

1 

37587 

-1 1827 

0 1 1060 + 707 

+ 1827 

0 

2053.9 

2 

37669 

+ 1909 

(0 + 2x948 

[ 1896 

13 




|04 1274 + 641 

+ 1915 

6 

2050.1 

1 

37723 

+ 1903 




2040.3 

4 

37777 

+ 2017 

0+I060-I 948 

+ 2008 

9 

2042.0 

0 

37839 

f 2079 




2630.4 

0 

37876 

42116 

0 4 2 X 1060 

+ 2120 

4 
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TABLE I (contd.) 


Wave- 

lengths 

(X) 

Inten- 

sity 

Wave- 

numbers 

(»-) 

Shift 
from 
(0. 0) 
band. 
(Ai') 

Obs.value 

Assignment 

Ar 

Calc. 

value 

Difference 

between 

observed 

and 

calculated 

vahies 

2636.3 

0 

37921 

f 2161 

jo-l 2x767+641 

1 2175 

14 





^0+1389 h767 

r 2156 

6 

2631.4 

1 

37991 

j 2231 

0+2X641H 948 

2230 

1 

2628.0 


38040 

+ 2280 

0+3.'.7-t ^41 + 1274 

i 2272 

8 





f 0+1389+^948 

1 2337 

3 

2623.9 

2 

38J(X) 

+ 2340 

^ 0-f 1060 + 1274 

i 2334 

6 





(0-! 1060 + 2x641 

f 2342 

2 

2618.8 

— 

38174 

-t 2414 

0 1 1389 + 767 . 948- 690 

1 2414 

0 

2613.5 

4 

38252 

i 2492 

0 1 2 V 76t * 948 

1 3482 

10 

2609.7 

h 

38307 

-1 2547 

JO t 2 . 948-1 611 

: 2.537 

10 





}0 f 2y 1274 

-1- 2548 

1 

2606.3 

i 

38357 

+ 2597 

0 1060 F 948 -i 1274 

+ 2592 

5 





-690 



2601.0 

1 

38435 

f-2675 

(0 J-2a948 1 767 

+ 2663 

12 





10 ) 041 - 1274 1 767 

+ 2682 

7 


160 Cms. path length. 




2688.0 

2D 

38628 

-f 2868 

0 641 1 948 1 1274 

+ 2863 

5 

2671.5 

io 

38876 

31 16 

0 . 1389 ,767 1 948 

+ 3104 

12 

2559.8 

2D 

39054 

i 3294 

0 1060 ; 948 1 1274 

+ 3282 

12 

2550.0 

Iv.D 

39203 

i 3443 

0 ^ 2x767 2 X 948 

i 3430 

13 

2538.2 

ID 

39387 

} 3627 

0 . 1060 1-2x641 i 1274 

j 3616 

11 

2626.0 

Iv.D 

39693 

^ 3833 

0 ; 3'- 1274 

+ 3822 

11 

2603 . 6 

iv.D 

39930 

f 4170 

0 ; 1.389 1 767 1 948 

f4164 

6 





; 1060 




D means that the band is diffuse. 
v.D means that the band is very diffuse. 
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TABLE II 

Identified frequencies and their assignment 



U.V. absorption data 

Assignment 

PiHitiUiii cllitti 

Lower 

state 

Upper 

state 

288 ? 

270 



4J0 

418 

357 

(Components of vibra 

576 

565 

5J8 

(tion in benzene. 

685 

600 

«41 

C-OCH 3 valence 

70.3 


767 

U-CI valence 

1041 

1183 ? 


048 

1060 

JO-C valence (totally 
(symmeiri(t vibrations). 



1274 

CH 3 f)(mding 



1380 

O-OHa 


TABLE III 

Types of electronic and vibrational levels of group C, ortlio-chloro-anisole 


Hymmetry 

Essential 
elements of 

Number of 

Selection rules 

typo 

symmetry 

vZ 

vibrations 

K aman 1 nfra- red 



21 T/r^ 

i- r 

A" 


« T, 

r- i- 


As the transition is allowed, we expect a strong (0,0) band and numerous 
fundamentals, progressions and combinations of totally symmetric vibrational 
frequencies ooeurriiig on the short wavelength side of the (0, 0) band. On the 
long wavelength side of the (0, 0) band w'e can expect ground state fundamentals 
of totally symmetric vibrations and a v-v transition of low frequency vibrations. 
In spite of the large number of totally symmetric fundamentals not many are 
usually recorded. About six fundamentals in the upper state are found adequate 
to explain most of the bands. Correspondingly in the ground state only three 
vibrations could be identified wdth certainty. 

The vibration in benzene (606 cm~^) splits into two totally symmetric 
components in the reduced symmetry of C, point group. One of these two would 
ohaiige considerably in its value from 606 cni’"^, the other keeping near to it. The 
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medium intense band at 357 from the (0, 0) band (36760 cm^^) can be defi- 
nitely assigned to the upper state value of the much reduced component of 
in benzene. It is easily correlated with the 418 frequency in the ground state 
which occurs so prominently in the analysis. In the Raman spectrum the cor- 
responding value seems to be 410 cm"^. This Raman line is strong and broad and 
has a depolarisation factor of 0.18. This undoubtedly represents a totally symme- 
tric vibration. From the Raman spectrum it can be seen that 410 occurs weakly 
as an antistokes line too. This shows that even the liquid at room temperatures 
can exist in this singly excited vibrational level. If so, it is by far easier for the 
vapour to exist in that condition at room temperatures. This explains how the 
418 cm-^ frequency occurs in the ground state , at 20®C and also in combination 
with various bands at other temperatures. As the temperature of the container 
increases this frequency gains in intensity as to be expected. It is also to be 
observed that the 357 frequency in the upper stale is able to explain a large number 
of bands by occurring in combination w'ith farious other fundamentals. We 
might take this as an indication that the vibrational mode in benzene continues 
to play an important role in the production of the spectrum in this case .Thus 
we might conclude that 410, 418 and 357 cm~^ represent' in Raman effect and the 
ground and upper electronic states, one of the components of vibrational mode 
of benzene. 

The other component changes much less in magnitude and is possibly identi- 
fiefl at 565 cm-i in the ground state and 518 cm”^ in the upper state. The cor- 
responding Raman line is a weak broad one at 576 cm'"’ and is very weakly 
polarised. Tt may be added that in a niono-substituted benzene belonging to the 
point group Ca,, this is actually a non -totally symmetric type of vibration. 1 he 
above frequencies do not occur frequently in the analysis. The assignment may 
only be treated as a possibility. 

The frequency 641 cm-’ in the upper state is represented by the second strong- 
est band of all the fundamentals (figure 3). It is found to occur in combination 
with a large number of other fundamentals in both the states. In the ground 
state its counterpart may be the band at 690 cm-’. The corresponding Raman 
line is 685 cm* a strong and highly polarised (p — 0.15) line. In anisole (Sreerama 
murty, 1950) a strong band was identified at 755 cm-’ with a ground state 
frequency of 786 cm ’ and the Raman frequency 781 cm ’. An assignment of 
this set of frequencies has not been suggested by Sreeramamurty. However, if we 
compare with the substituted anisoles, we might conclude that the above set in 
anisole represents the totally symmetric OCHg valence vibration. On 

further substitution in anisole we expect this frequency successively to decrease 
with increasing molecular weight of the substituted atom. Taking the upper 
state frequencies only, the corresponding values appear to be 720, 699 and 641 
cm“’ in para-fluoro, para- ch loro and o-chloro anisoles respectively. These 
behave according to the above expectation and thus may be attributed to thf 
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vibration common to all these molecules, namely C-OCH3. The unit OCH3 
has a molecular weight of about 3 1 which is very near the atomic weight of chlorine 
and so the C - OCH^ and the C-CI frequencies can be of the same order of magni- 
tude in chloro-anisoles. Thus in o-chloro anisole we have a choice between 
64 1 and the equally prominent frequency 767 for assignment to the C-C0H3 
vibration. Fixing in anisole 755 as this frequency and comparing with some 
other substituted anisoles as above we could definitely establish that 641 and 
(690 and 685 cni"^) represent the (^OCH;, fundamental frequency in the upfer 
and lower electronic states respectively. 

The frequency 767 cm “^ in the upper state is also very prominent explaining 
a very large number of bandL:. A corresponding ground state frequency could not 
be identified with any reasonable certainty. The Raman frequency 796 cm”^ is 
highly polarised (p = 0.18) and possibly corresponds to this upper state frequency. 
We find this Raman line is slightly less intense than the Raman line at 685 cm"^ 
discussed earlier. In the ultraviolet also 767 is definitely less intense than 641 
cm' K The 0-01 frequency in mono-chloro benzene has been identified by Sponer 
(1941) at 670 cm-^ It is possible that 767 (u.v.) and 793 (Raman) in o-chloro- 
anisole may represent the totally symmetric (^01 valence vibration. 

Two frequencies at 948 cm and 1060 cm''’ are represented by two strong 
bands in the u.v. spectrum. Of these the 948 cin~’ is slightly more intense than 
the 641 cm Oorrespondirig to these the ground state frequencies could not be 
obtaincfl even with the 150 cm tube. The strongest Raman line 1041 cm~^ may 
(^otrespond to 948 cm' ^ in the upper state. This Raman line is also highly pola- 
rised (p = 0.12). There are two Raman lines at 1 162 and 1 183 cm ’ of which the 
latter is polarised and possibly this corresponds to the 1060 in the upper state. 
These two pairs 1041, 948 and 1183, 1060 may represent the lower and upper 
state frequencies respectively of two totally symmetric (a') C-C valence vibrations. 

The upper state fniquency 1 274 cm* ’ is of particular interest. It is represented 
by a medium intensity band in the u.v. spectrum. It is found that 2x641 
(1282) is very nearly equal to 1274 and this caused a slight confusion in our 
early attempts, as to whether to treat this 1274 as a fundamental or an overtone 
of 641 . On comparison w ith other substituted anisoles, where such accidental 
coincidence does not occur, it w-'as found that a fre(|uency in this region is a charac- 
teristic of anisole and its products. The values are 1267, 1274, 1299 and 1297 
in anisole, para-chloro-anisole, para-fluoro-anisole, and para-dimethoxy benzene 
(Sreeramamurty, 1950) respectively. The obvious conclusion is that this frequency 
corresponds to a vibration that is common to all these molecules. In the Raman 
spectrum also frequencies are found at 1298, 1291, 1297, 1261 in the above order 
of molecules. All these lines are strongly polarised. It can be seen that there 
is not much variation between the upper state frequencies and the lower state 
frequencies. Prom this we are led to the observation that probably they represent 
totally symmetric vibration outside the phenyl radical and common to all. We 
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are thus left with a choice between the 0-0 vibration and the CH 8 (bending) vi- 
bration. To decide between these two we studied the analyses of toluene and its 
substitutions which do not contain the C-0 unit but contain the CH 3 unit. In 
fluoro-toluene (Cave and Thompson, 1950) for instance, we find bands with 
frequencies of this order of magnitude. This is also the case in toluene, and di- 
methyl benzenes (Cooper and Sastri, 1952). The above authors either did not 
treat the corresponding bands as fundamentals (Cave and Thompson) or assigned 
them to some C-C vibrations in the phenyl radical (Cooper and Sastri). On a 
cjomparative study of all the spec.ira we came to the conclusion that these fre- 
quencies in substituted anisoles and toluenes represent a mode of vibration that is 
common to all these molecules, nameJy the CH 3 bending, a totally symmetric 
vibration. This view is further strengthened by a similar observation made by 
Kohlrausch (1946) from the Raman spectra of various substituted benzenes 
containing a methyl radical. Thus we conblude that 1274 cm * frequency in 
0-CI anisole represents the totally symmetric CH 3 bending vibration. 

A few bands could be explained on the basis of still another fundamental 
1389 cm~* in the upper state. The fundamental itself is diffuse and is of medium 
intensity. It is found to combine with the frequencies 767, 948 etc. A corres- 
ponding ground state frequency is not obtained and among the Raman lines as 
well a polarised line with probable correspondence could not be found. A fre- 
quency similar to this was found in para-fluoro-anisole at 1367 (;m"* and probably 
in para-chloro-anisole at 1345 cm~^ In anisole a similar frequency was not 
identified by Sreeramamurty, however, there are two bands at 1328 and 1386cm'“^ 
from the ( 0 , 0 ) band left unexplained. Of theses the former is slightly more intense 
than the latter. It is possible that one of these may represent a fundamental 
probably 1328 cin~*. Assuming the fundamentals given by Sreeramamiirty, 
we also find that this 1328 combines with six of them explaining some uninter- 
preted bands and giving a reasonable alternative to the original assignments. From 
this we are encouraged to treat these bands as due to fundamentals in all these 
molecules and common to all of them. A possible assignment therefore is to asso- 
ciate with the 0-C vibration in the OCH 3 unit. Thus we may suggest this assign- 
ment to the 1389 cm“^ in o-chloroanisole. 

Lastly we take up a possible lower state fundamental 279 cm~^. No reason- 
able explanation could be found for this band. An assignment of this intense band 
could not be obtained. Similar bands are also obtained in p-fluoro and ;>-chloro 
anisoles 
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BEHAVIOUR OF SATURABLE REACTORS IN MAGNETIC 

AMPLIFIERS 

P. N. DAS 

B. E. College, Siepob®, Howham 
{Jieceived Jor publication, OMohrr 26 , 1655 ) 

ABSTRACT . The exact behaviour of saturable .reactors when used in a magnetic ampli- 
fier, depends not only on the natun' of material of t|he core and the magnitudes of d,c, and 
a.c. excitations used, but it also depends, to a great extent, on the external circuit conditions. 
Even with an idealised core and with the optimum ^lues of d.c. and a.c. excitations for the 
given magnetic amplifier, its behaviour depends on fi number of other factors namely on the 
number of cores used, on the nature of d.c. source and the way in which a.c. and d.c. windings 
are connected. 

Its exact behaviour in a number of different ca«es has been studied and explained from 
fundamental considerations. These (jases are . I. A single core with the d.c. source of 
(i) infinite and (it) low impedance. 2. Two cores series connected with the d.c. source of 
{i) infinite and (n) low impedance. H. Two cores parallel connected with the d.c. source 
of (/) infinite and (ii) low impedance. The B'H loop described becomes unsymmetrieal in 
certain cases but symmetrical in others. Similarly the a.c. wave bin^omes flat-toj»ped 
in certain cases but peaky in others. The flux density and the current through the d.c. 
winding also vary differently in differonl cases. All these differences in behaviour in different 
cas(^s have been explained and some important results have been deduced. The movement 
of the working [loint in the B-H curve with the applied a.c. voltage has been determined 
in different cases and it has been shown that the average value of alternating current is zero 
in each case. The relation of the rectified average value of alternating current to direct current 
has also been found out in different cases and it has been shown that the fundamental 
formula for amplification in the case of a magnetic* amfilifier has to be modified in accor- 
dance with external circuit conditions. 

I N T R 0 D U C T I 0 N 

A large amount of work on magnetic amplifiers has been done in the last 
years and many experimental results have been published ; but no satisfactory 
explanations of their behaviour seem to have been given. The exact behaviour 
of saturable reactors under simultaneous d.c. and a.c. excitations depends not 
only on the magnetic properties of the material of the core and on the magni- 
tudes of d.c. and a.c. excitations, but it also depends, to a large extent, on external 
circuit conditions, namely the number of cores used, the nature of d.c. source 
and the way in which a.c. and d.c. windings are connected. The object of this 
paper is to find out the exact behaviour of magnetic amplifier with an ideal core 
and with optimum values of d.c. and a.c. excitations in different cases of external 
circuit conditions. 


m 
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An ideal material for the core of a magnetic amplifier should have its P — ff 
curve vertical in the unsaturated region and horizontal in the saturated region 
and should pass abruptly from one region ^o the other; for then it would be possible 
for the a.c. winding to have a very large impedance in the unsaturated region 
and a very low impedance in the saturated region and, therefore, it would be 
possible to get a very high amplification in a.c. when the working point 
moves from unsaturated to saturated region by the presence of a d.c. signal. 
In the (?ase of some materials, like m?y -metal, these are approximately true but 
we shall assume an ideal core in our investigations. The optimum value of a.c. 
voltage will be the maximum value which will keej) the working point confined 
in the unsaturated region in the absence of any d.c. signal and the optimum 
value of (!.(?. signal will be that which will move the working point in to the 
saturated region such that it traverses both the saturatecl and unsaturated regions 
in the presence of both d.c. and a.c. excitations. We shall assume such optimum 
values of d.c. and a.c. excitations to be present in our investigations. Since the 
behaviour under steady conditions will be the same irrespective of whether wo 
apply a.c. or d.c. first, we shall assume that d.c. is applied before a.c. for the 
sake of convenience of explanations, although in actual practice, d.c. is applied 
after a.c. 

While studying the behaviour under such ideal and optimum conditions, 
the following fundamental points have been kept in mind. 

1. When the a.c. voltage is zero in its cycle, the position of the working 
point while in the saturated region, is determined by the d.c. excitation applied. 

2. When the a.c. voltage is zero in its cycle while the working point is in 
the unsaturated region, there must not be any change of flux. This will take 
place when the working point will reverse its path in the B—H curve and so 
it must be in the farthest position from the saturated region when the a.c,. voltage 
is zero. 

3. If the decrease of flux produces a positive voltage, an increase of flux 
must produce a negative voltage. The magnitude of induced voltage either 
positive or negative must be equal to the rate at which the flux decreases or 
increases. 

4. The magnitude of induced e.ra.f. is given by c - - —N volts. 

dt 

^ e,.dt^ -N. 10-*. I d<}>, or j e . = -N . 10-» 

Thus when a change of flux ^ takes place, the voltage point in the voltage-time 
curve describes an area which is equal to 

5. The current through the a.c. winding at any instant is determined not 
only by the position of the working point at that moment, but also By the magni- 
tude of d.c. excitation at the moment. 
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We shall consider in the present paper the behaviour in the following different 
cases : 

, 1. Single core having a d.c. source of infinite impedance. 

2. Single core having a d.c. source of low impedance. 

3. Two cores series connecte<i with d.c. source of infinite impedance. 

4. Two cores series connected with d.c. source of low impedance. 

5. Two cores parallel connected with d.c. source of infinite impedance. 

6. Two cores parallel connected with d.c. source of low impedantic. 

The different figures and curves in diagrams I to VI give a full picture of 
the behaviour in the different cases respectively. 


Case 1 . 

In this case there are two windings, one |neant for a.c. and the other for 
d.c. signal both wound on the same core and tl|e impetlaiKie of the signal source 
is infinitely large. Figures 1 and 2 in diagram 1 indicate the nature of B- H 
curve and of B~ H loop described and figures 4. 5, fi, 7, and 8 indicate the path 
of the working point along the B ~H curve, the sinusoidal applied a.c. voltage, 
the nature of alternating current, the nature of flux variation, and the nature of 
alternating current through the d.c. winding respectively, all referred with 
respect to the voltage variation curve of figure i>. 
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Diagram 1. 
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Ah the d.c. circuit has an infinitely large impedance, no current can flow 
through it by the voltage induced in it due to any flux change in the core. There- 
fore, the d.c. excitation OX due to the signal remains constant throughout the 
cycle, as shown by the dotted line in figure 4. The working point will be at P 
(figure 1) in the saturated region when the a.c. voltage is zero at A in the pre- 
sence of d.c. signal. The working point moves from P to Jf as the voltage point 
moves from A to B say, and the current increases sinusoidally from a to 6 as 
shown in figure 6. and its magnitude at any instant is given by EnmoitlR 
where E sin (at is the a.c. voltage applied and R is the resistance of the a.c. 
winding. When the working point reaches ilf, it enters the unsaturated region 
and there can not be any further increase in current. As the voltage increases 
further, a change of flux takes place and the working point moves downwards 
in the unsaturated region at such a rate that the induced voltage due to the 
change of flux, will balance the increase in applied voltage. The working 
point will go on moving downwards and the change of flux will continue to take 
place in the same direction till the voltage point reaches D where its magnitude 
is the same as that at P. The area of the voltage-time curve between the 
points B and P, as shown by the hatched portion, is proportional to the total 
change of flux taking place when the working point moves from M to N. As 
the voltage point moves beyond D, it becomes positive with respect to the point 
D and so to balance the voltage now, there must be change of flux in the 
opposite direction and so the working point moves upwards from N towards 
M. The working point will come back to M when the voltage point reaches 
F where the voltage time area between points D and F, as shown by the hatched 
portion, is equal to the former hatched area. When the point M is reached, 
there can not be any further change of flux. So the working point suddently 
moves from M to R in the saturated region and the current, which was so long 
constant and negative, suddently become positive and reaches such a value 
that this current multiplied by the resistance R becomes equal to the voltage 
at F, After that, the working point being in the saturated region, the current 
varies sinusoidally with the voltage and the working point comes back to P 
and so the current is zero when the voltage becomes zero at O. This is 
repeated similarly in subsequent cycles. The current curve is shown by abJchfg 
in figure 6, and the nature of variation of B by the curve in figure 7. The B—H 
loop described will be as shown in figure 2. 

In voltage-time curve, the area BCD ^ the area DKF. So the area ABKH-^ 
the area HFG, It follow^s, therefore, that in current-time curve in figure 6, the 
area abkh is equal to the area hfg. Therefore, the average value of alternating 
current is zero. The average value of rectified alternating current will be given 
by the average value of height of either of these two areas. The average value 
of height from area abkh is given by Ia{i^y)INa=OX. 

But hN.^OX. 
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There is hardly any such practical case in which the signal source produces 
a current due to the signal, but at the same time offers an infinitely large imped- 
ance to the voltage induced in the d.c. winding due to change of flux. A practical 
case arises when there is no d.c. winding at all and the d.c. excitation due to the 
signal is applied from a large current passing through a single conductor or when 
the d.c. excitation is furnished by a magnet. 

Case 2 

In this case the impedance of the d.c. source is low, so whenever there will 
be any change of flux in the core, the voltage that is induced in the d.c. winding, 
will produce a current through it and so the d.o. excitation furnished by the d.c. 
signal will change, as shown by the dotted curvf in figure 4, in diagram II in such 
a direction that it would tend to oppose the change of flux due to which it is 
produced. This happens when the working p|)int enters unsaturated region at 

FI6.i n6.2 I FI6.3 



Diagram II. 

M (figure 1) and a larger current flows through the a.c. winding which produces 
larger ohmic drop and so a lesser change of flux is necessary to balance the lesser 
voltage time area as shown by the hatched portion BCDK (figure 5) than in the 
former ease. When the voltage point reaches D, the working point reaches 
the extreme end of its path N, As the voltage point moves beyond D, it becomes 
positive with respect to D and a change of flux in opposite direction is necessary 
to balance the voltage. But any change of flux in this direction will produce 
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a current through the d.c. winding in the opposite direction and it will affect 
the d.c. excitation in the opposite direction till it becomes zero. When the 
total d.c. excitation becomes zero, there can not be any further change in it; 
as it would now act as a transformer whose secondary is short-circuited and 
there will be appreciable change of flux to balance out the voltage. This change 
of flux in the opposite direction may be assumed to take place practically when 
the voltage is zero at E, as the change of flux necessary to bring the total d.c. 
excitation to zero, is small. The working point will come back to M when the 
voltage point reaches F where the voltage time area EFH is equal to the area 
BGDK. When the voltage point reaches E from D, the resultant d.c. excitation 
becomes zero and therefore, although the working point remains fixed at N, 
the current through the a.c. winding becomes zero. In the B—H loop (figure 2.) 
it will appear as if the working point has moved from N to N\ When the work- 
ing point moves from N to M (figure 1), the current is still zero due to the resultant 
d.c. excitation being zero and it will appear, therefore, that the working point 
moves along N*P in figure 2. The behaviour in the saturated region will be same 
as in case 1. The whole operation will be repeated in subsequent cycles. Thus 
the nature of B—H loop described will be as shown by NN'PRPM in figure 2. and 
the nature of current variation is shown by abode and hfg in the two half cycles. 
As the area BODK — the area EFH^ the area ABKDE — the area HFG in 
the voltage-time curves Therefore, the resultant alternating current is zero. The 
average value of rectified current will, therefore, be the average value from area 
abode. It is clear that the value of this area will depend on the impedance and 
number of turns of the d.c. winding circuit. This area will be greater for lower 
impedanc(5 and larger number of turns of the d.c. circuit. If this area be equal 
to the area abe'de, tben the average value will be given by Ja (av). Na=OX. 
But OX -- I^.Nf.lNa- As this area is always greater than 
the area abe'de, is always greater than So IJ^c 1® always greater 

than NcjN^. The nature of variation of B and of current due to flux change 
through the d.c. winding are shown in tigsure 7 and 8 respectively and the B—H 
loop traced will be as shown by NN'PRPM of figure 2. 

Case 3 

When two cores are series connected, the a.c. windings are connected in 
series and the d.c. windings are connected in series opposition. The object of 
coiuiecting the d.c. windings in series opposition is that when flux changes in 
both the cores at the same rates, the resultant induced e.m.f. in the d.c. windings 
is zero. The effect of connecting two a.c. windings in series is that the same 
current must always flow through both the windings and, therefore, the current 
through any winding can not abruptly increase to a very high value when one 
of the cores becomes saturated. When flux changes in one core only, the voltage 
is induced in its d.c. winding only and though it can not be balanced by the 
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voltage in the d.c. winding of the other core, it can not produce any current 
through the d.c. winding due to the infinitely large impedance of the d.c. source, 
Therefore, the d.c. excitation remains constant throughout as shown by the 
dotted line in figure 4 in diagram III. 

In figure 1, ONMPR and ON'M'P'R' are the B—H curves for the two cores. 
As d.c. windings are oppositely connected, current through them will produce 
d.c. excitation, as given by OX and OX* in the two cores. When the working 
point in core 1 reaches M as the voltage point reaches B from A , the same in core 
II reaches R . When the working point in obrc I, has reached M, there will be 


Fi^.l F4J.2 ; ¥i^Z 



gram 111. 



136 


P. N. Das 


change of flux in it before current can increase any further; and so the working 
point in core II, although in saturated region, can not move beyond R' when 
the voltage increases. The voltage is entirely balanced by the induced e.m.f. 
in core I by change of flux in it and the current remains constant. This change 
of flux continues until the voltage point raches D where the voltage is of the 
same magnitude as at R. When the voltage point moves further, it becomes 
positive with respect to D and so change of flux begins to take place in the oppo- 
site direction. This change of flux in opposite direction continues to take place 
till the working point in core I, reaches back to M when the voltage point reaches 
F such that the area BCD the area DFK, Now there can not be any further 
change of flux in core I, and so the working points in both the cores will move 
abruptly from M to R and from R' to M' in the saturated regions respectively 
and current point will move suddently from/ to/', as shown in figure 6. This current 
can balance a portion HL of the voltage and to balance the remaining portion of 
voltage, there must be a change of flux in core IT as the working point in core IT 
has reached in the unsaturated region and there can not. be any further change 
of current. This change of flux continues to take place till the voltage point 
reaches G where its magnitude is same as that at L, As the voltage point moves 
beyond ft, it becomes negative with respect to ft and so the working point in 
core II must move in the opposite direction to produce an opposite change of 
flux. This change of flux continues till the working point in core II reaches M' 
at the voltage point R such that the area LFO ~ the area ORT . Throughout 
this time the current remains constant at the same previous value but in the 
opposite direction. When the working point reaches M' in core IT, the working 
points will move again from RtoM and from M* to K and the new current will 
balance a portion of voltage, the remaining portion being balanced by change 
of flux produced this time by core I. 

It follows that the area a!rwa* ~ the area a'w't'a' in the current-time curve 
in figure 6. Therefore, the resultant current through the a.c. winding is zero and 
the average value of rectified current is given by /„(av).Na=OX = 

.-. /fl(av)— Figure 7 shows the variations of flux in the two 

cores and figure 2, shows the nature of B~H loops in the two cores. 

Case 4 

This is the most important case so far as practical magnetic amplifiers are 
concerned. This is similar to case 3 except that the d.c. source is of low imped- 
ance; so the resultant induced voltage across the d.c. windings must be zero. 

Therefore, -f must be zero and|^^| = there be 

any change of flux in one core, there must also be a simultaneous change in the 
other core under steady conditions and the rate of change must also be the same 
in both the cores when number of turns is the same in them. If simultaneous 
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flux change is not possible initially in both the csores due to one core being in 
the saturated region, a large current will flow through the d.c. winding due to 
flux change in one core and this will adjust conditions in such a way that flux 
will change simultaneously in both the cores under steady conditions. 


rio-1 FI©-* 



Diagram 

I„ thl. the change of Bnx that take, place in core 1 after the voltage 
point goes iron. A to B. induce, a voltage in the d.c. wind.ug of core I which 
prorluce, a current through it and the d.c. excitation varie. a.jdlown by the 
dotted line, in figure 4, in diagram IV m.d » the current through the a.c. wtndj^ 

increasea and the change of floxnece»«ary to tuilanoe the inc™* tn voltage be- 

come, umallo. a, the are. of voltagctime curve which ha, to lu, balanced, berontou 
smaller and equal to BCDK as shown in figure fi. Thu. change of flux contmue. 
to take place until the voltage point is at B where the voltage t» of same ntagnu 
tude as at J5. A. the voltage point goes beyond D. it become, posrt.ve with 
respect to B and a change of flux in opposite direction is neoesairy M balance 
the voltage. But any tendmicy to change the ilux in this dnectum will produee 
a oumnt through the d.c. winding in the opposite 

d.c. excitation will change till it will become aero m both the cores. This >^1 
take place just after the voltage point mp«». D before them .. any appreciable 
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change ot flux depending on the d.c. winding and the d.o. source. As the change 
of flux necessary is negligible, the working points will be practically at N and 
M' when the voltage point reaches zero at E; but as d.c. excitation has decreased, 
it will appear that the working point in core 1 has moved from jV to N*' (figure 2). 
As the voltage increases now, the cores will behave as having their secondaries 
shorted and there will be change of flux in both the cores at the same rate till 
the working point in core I reaches saturation region at M when the voltage 
point is at F such that the area EFH twice the area BCDK. There can not 
be any further change of flux as core T reaches saturation and also the working 
point at M c.an not move horizontally as such, since the working point in core TI 
is at N' in the unsaturated region. But the voltage at F can not be balanced 
as such and will tend to produce a change of flux in core II. But this tendency 
to produce change of flux will produce a current in the d.c. winding and the d.c. 
excitations in the two cores will change from 0 to OF and OF' respectively. 
So, although the working point in core II remains at N\ a current flows through its 
winding and the working point in core I moves to Z (figure 4) such that the same 
current flows through its winding also. The d.c. excitations change in such a 
way that the current corresponding to OF' or FZ, can balance the voltage at 
F . As the voltage point goes beyond F, the d.c. excitations change in such a 
way that the current balances the voltage always till the voltage point comes 
to zero at G when the total d.c. excitation in the two cores will be again zero. 
The working point in core I reaches M again and that in core II remains at N\ 
As the voltage point goes beyond G, there is again change of flux in the cores 
till the working point reaches Jlf' in the saturated region in core II when the 
voltage point reaches M such that the area GML the area EFH. The same 
operation is repeated in subsequent cycles. It is clear that the average value 
ot current in each half cycle is same and so the resultant current in zero. The 
average value of rectified current is proportional to the average value of area 
hfg or Imn in current curve of figure 6. Now the area HFG in the voltage-time 
curve the area ABODE -twiae the area the area ABKDE -the 

area BCDK and if this is equal to the area ABDE, then /„(av) - 
before. This happens when the area BCDK ^ the area BKD. If the imped- 
ance of d.c. circuit is not very low, the area BCDK will be greater than the area 
BKD and /^(av) will be less than Figure 7 shows the variation of flux 

in both the cores and it is clear that change of flux takes place simultaneously 
in them. Figure 8 show^s the nature of current through the d.c. winding due to 
hauge of flux and figure 2 gives the nature of loops described as NN'TR 
and B'P'N^'N' in two cores. 


Case 5 

In this case the two a.c. windings are connected in parallel and the impedance 
of the d.o. source is infinitely large. So. though there may bo a voltage induced 
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in the d.c. windings when there is change of flux in one core only, no current 
can flow through it due to very high impedance of the d.c. source. Therefore, 
the d.c. excitations in the two cores will remain constant throughout. It is 
just equivalent to two single cores with d.c. source of infinitely large impedance 
(case 1) connected in parallel. The current through the a.c. winding of any 
core in one half cycle will be just the image opposite of the current in the wind- 
ing of the other core in the other half cycle. Thus curve abcdef (figure 6) in dia- 
gram V gives the nature of current through one winding and the curve a'b'c'd'e'f 
gives the nature of current through the other winding. The resultant current 


FIG. i FIG*2 FI0.3 



Diagram V. 


which will be the sum of the currents through the two cores is shown in figure J- 
It is clear that the resultant current will be zero and the average value of recti- 
fied current will be double the value given by a single core with d.c. soMce of 
infinitely Urge impedance. Therefore, the average value is given by /.(av)- 
21 N IN The nature of variation of B is shown by figure 8 and the nature of 
I ^ b. - .how. h, NMPRS ^ R'wm i. 

figure 2. 

6 
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Case 6 


In this case the a.c. windings are connected in parallel and the d.c. source 
is of low impedance. When the working point in core I enters the unsaturated 
region with the incjrease of voltage, there is change of flux in it as before, but 
current in core II goes or increasing as shown in figure 6. in diagram VI, the work- 
ing point being in the saturated region. The (jhange of flux in core I induces 


FI6.i ns. 2 FIG .3 



a voltage in its d.c. winding and a current flows through it which changes the 
d.c. excitations in the two cores as shown by the dotted lines in figure 4. This 
change of flux continues until the voltage point reaches D where the voltage is of 
the same value as at B. Then there will be a flux change in core I in the opposite 
direction to balance the voltage which becomes positive. As the d.c. winding 
is of low impedance, a current flow's through it in opposite direction before any 
appreciable change of flux takes place and the resultant d.c. excitations in the 
two cores becomes zero wiien the voltage is zero at E, as in previous cases. So 
when the voltage is zero at E, the working points will be at N and M' and there 
will be change of flux in both the cores to balance out the applied voltage. When 
the working point in core I reaches at if at the voltage point F such that the 
area EFH == the area BCD (figure 5), there can not be any further change of flux 
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in core I. The working point in core I will move to Z in the saturated region 
and there will be abrupt increase of current to balance the applied voltage 
at F in the core winding. In core II there will be a tendency to undergo a further 
change of flux to balance out the voltage and this will induce a voltage in the 
d.c. winding which can not be opposed by a similar voltage in the other d.c. 
winding and so a direct current will flow and the d.c. excitations will be changed, 
as shown by the dotted lines. The d.i;. excitations will be changed in such a 
way that the currents in the two cores which will be given by YZ and F'O, wiW 
individually balance the voltage at F. As the voltage changes, the working point 
in core I moves along the saturated region a?id that in core II remains fixed at 
N' and the d.c. excitations vary in such a way that the currents balance the 
voltage at each point till the voltage point is at M when the working point in 
core I reaches M (figure 1 ). Now there will be change of flux in both the cores to 
balance the applied voltage till the working point in core II reaches M' at the 
voltage point L where the area MLN - the area EHF. The working point 
in core II moves in the saturatc^l region and that in core I remains fixed at N 
and the d.c. excitations change as before and the c^ycle is repeated. 

The current or I 2 will practically equal and their average values will 
be proportional to the area HF(}. Therefore, their resultant current which 
will be /i+/ 2 » proportional to twice the area HFG. But the area HFG -- 

the artm ABKDE. Thc’irefore, it is (;lear that the average value of current will 
always be greater than If.,N^INa and the amount by which it will be greater, is 
given by the area BKD. The lower the inipedance of the d.c. source, the greater 
will be this area and hence greater will be the amplification. The nature of 
variation of B and of current through the d.c. winfling due to change of flux are 
given by figures 7 and 8 and the nature of B- H looy)s described, are given by 
NN"PE and N'N'"rR' in figure 2. 

EXPERIMENTAL OBSERVATIONS AND CONCLUSION 

The behaviour of the saturable reactor under above conditions was experi- 
mentally verified with the help of a C.R.O. tube and was found to be very much 
like the cases under idealised conditions as given above. As mentioned above, 
it is very difficult to get a d.c. source of infinite impedance. An approximate 
condition was reached by connecting a choke of high value in series with the 
d.c. source of high value. Two ring cores of m%-metal, each having 500 a.c. 
turns and 1,550 d.c. turns, were used. In the case of a single core with d.c. source 
of low impedance, the current amplification was found to be approximately equal 
to 7; but in the ease of two cores series connected with the d.c, source of low 
impedance, it was found to be of the order of 3.8. The value of B was measured 
by means of an integrating circuit connected in a .seperate winding. 

Therefore, it is clear that when the d.c. source is of infinitely large impedance 
which is a very rare case, we can use a single core and get the same amplification 
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and hence the Bame advantage as two cores connected in series. If they are 
connected in parallel, however, we can get the double amplification. If the source 
is of very low impedance, although a single core can give the same amplification 
as two cores, a single core can not be used in practice due to the fact that, gener- 
ally, when the d.c. signal is absent, the low impedance connected to the d.c. 
winding is still present and this produces a d.c. excitation even in the absence of 
the d.c. signal. Under these circumstances, therefore, the two cores with either 
series or parallel connection are used. From the point of consideration of low 
value of time constant, series connection is, however, more frequently used than 
the parallel connection. 
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Plate IV ; 

ABSTRACT. The fluorescence spectra of puii p-chloro toluene in the solid state at 
— 30°C and ~180°C have been investigated using iBtered Hg radiation and the spectrum 
has been compared with those due to frozen solutions ^f the substance in benzene, a -heptane, 
methyl cyclohexane, methyl alcohol, carbon tetraclijoi ide, tetraohloroethylene and carbon 
disulphide of different concentrations. Altogether (light bands are produced by the pure 
substance and these diminish in intensity abruptly as the temperature of the solidified mass 
is raised from —180*^0 to — 30"C. The bands persist with undiminished intensity even in 
the case of a 2% solution of the subst ance in benzene, carbon tetrachloride and totrachloro- 
othylene at — 180°C. In the case of solution in methyl cyclohexane, M-heptnne and methyl 
alcohol at —180"C, strong new bands appear in the fluorescence spectra. Whtm the sub- 
stance is dissolved in carbon disulphide and the solution is frozen and cooled to — 180*^0, 
the bands persist upto 15% concentration, but the intensities of the bands diminish rapidly 
and the bands almost disappear as the concentration is reduced to 5%. The results have 
been explained on the assumption that the formation of virtual links between the chlorine 
and hydrogen atoms of the p-chlorotohionc molecule respectively with hydrogtm and chlorine 
atoms of the neighbouring molecules in the solidified mass is responsible for the production 
of the metastahle states giving rise to the observed fluoresenco. It is pointed out that the 
absence of fluorescence in very dilute frozen solutions in carbon disulphide corroborates this 
hypothesis. 


INTRODUCTION 

While studying the Raman spectra of ortho- and para-chlorotoluenc at 
low temperatures, Sanyal (1953) first observed that either of these two com- 
pounds produces fluorescence in the visible region in the solid state at 180°C. 
Later, the present author (Biswas, 1954, 1955a, 19566) observed that many 
substituted benzene compounds'^give rise to similar fluorescence in the visible 
region when the substances are solidified and cooled down to — 18()°C. The experi- 
mental arrangements in these cases were not, however, suitable for studying 
the fluorescence spectra at low temperatures, as the mercury lines in the near 
ultraviolet region were largely absorbed by the glass condensers used in these 
experiments and also other mercury lines were overexposed. The fluorescence 

*Communicated by Professor S. C. Sirka , 
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bands reported by these authors were therefore, probably incomplete. It would 
be of interest to find out the complete spectrum and the influence of environment 
on it, bcMtause such data might throw some light on the origin of these fluorescence 
spectra. The investigation of the fluorescence of some frozen substituted ben- 
zenes was, therefore, undertaken and the results obtained in the case of p-chloro- 
toluene are fliscnssofl in the preBcnt paper . 


EXPERIMENTAL 

Para chlorotoluene used in the present investigation was supplied by Eastman 
Kodak Oo., N.Y. and it was of chemically pure quality. The liquid was again 
repeatedly fractionated in vacuum before exposure. The purity was also tevsted 
by studying the Raman spectrum of the liquid and it was observed that there 
were no extra feeble Raman lines and the background was clear. 

The incident beam, which is generally used for illuminating the sample 
in studying Raman spectra at low temperature, was slightly modified in the 

*■ ■■ o 

present case. A light "filter transmitting the 11600 A group of Hg-lines and 
almost cutting off the other mercury lines of longer wavelengths was placed in 
the path of the incident light from a mercury arc. It was observed in the pre- 
liminary investigation that after the introduction of this filter it becomes prac- 
tically immaterial whether we use containers of fused silica or of pyrex glass. 
So, pyrex glass containers were used in the final investigation. The samples 
were solidified by dipping the container in liquid oxygen. Besides the 
fluorescence spectra of the frozen liquid at different low temperatures those of 
the solutions of the substance in benzene, ^-heptane, methyl cyclohexane, carbon 
tetrachloride, totraohloroethylene and carbon disulphide of concentrations vary- 
ing from 16% to 1% were also investigated. All these solutions of strengths 
below 10% appear as homogeneous solid mass when frozen by liquid oxygen 
and the mass is almost transparent throughout its entire volume. 

The spectra were photographed on Ilford Zenith plates using a Fuess glass 

o o 

spectrograph of dispersion about 1 1 A in the 4046 A region. On each spectro- 
gram an iron arc spectrum was superposed for comparison. 

As the bands were observed to be very broad a slit width varying from 0.3 
to 0.6 mm. was used to reduce the time of exposure. 

RESULTS AND DISCUSSION 

The positions, approximate widths, estimated relative intensities and the 
suooessive distances of the fluorescence bands exhibited by pure p-chlorotoluene 
in the solid state at — 180®C and ->30®C and those due to a 1% solution in ben- 
zene at — 180°C are given in Table I. The relative intensities are indicated 
as very strong (v.s), strong (s) etc., in the tables. The spectra due to 6% and 
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Purr substance 
at- 1S0"C. 

I’ure substance 
at-.SO"C. 

1% sol. in benzene 
at -ISO C. 


I % sol. in n heptane 
at— bSO'C. 

1 "o so), in methyl - 
cv( lohexanc at-— 1H0"C, 

4 <»;,sr,l inCH^ OH 
at- IHOC. 



l!%s()l inCGb 
at iSOC. 


'‘ol. in (II4 
ai— ISO C. 



Fluorescence spectra of ^-chlorotoluene. 
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10% solutions in benzene were found to be practically indentical with that of 
the 1% solution. 

The fluorescence bands given by 1% solutions of p-chlorotoluene in /i-heptane 
and in methyl cyclohexane and also the bands given by a 4% solution in methyl 
alcohol cooled down to ~180°C are similarly shown in Table II. A 5% 
solution of the substance in w-heptane also gives the same spectrum as the 1% 
solution. 

Similar data for 2% solutions of p-ehlorotoluene in carbon tetrachloride 
and tetrachloroethylene are given in Table III„ A 5% solution of this substance 
in CCI4 gave exactly the same spectrum as tlfe 2% solution. The fluorescence 
bands due to a 15% and a 5% solution of p-c|ilorotoluene in carbon disulphide 
are given in Table IV. Some of the spectrograms are reproduced in Plate IV. 


TABLE I; 
Fluorescence spectra 



Position of 

Width of 

Position of 

Successive 

Substance 

the band 

tlie band 

the band 

differences 


in A.U. 

in A.U. 

in cni-i 

in cm’ A 

p-Chlorotoluono at 
~30“C. 

4335 (w) 

10« 

23115 

1662 

4660 (w) 

80 

21453 



4038 (s) 

77 

24758 

1062 


4219 (ni) 

80 

23696 

581 


4325 (V.8.) 

J22 

23115 

1041 


4529 (s) 

81 

22074 

621 

p-Chlorotoluene at 
-180°C. 

4660 (v.8.) 

120 

21453 

656 


*4807 (v.w.) 

35 

20797 

395 


4900 (w) 

60 

20402 




531 


5031 (v.w.) 

38 

19871 



4048 (in) 

100 

24697 

1001 


4319 (8) 

85 

23696 

484 

1 % solution of p-chloro- 

4307 (v.8.) 

70 

2.3212 

293 

toluene in benzene at 



22919 

- 180X\ 

4362 (m) 

64 

845 


4529 (h) 

80 

22074 

621 


4660 (8) 

135 

21453 

626 


4800 (w) 

— 

20827 
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TABLE II 


FluoreBcence spectra 


Substanoe 

Position of 

Width in 

Position of 

Successive 

(frozen and cooled 

the band 

A.U. 

the band 

differences 

ilownto -ISO'C) 

in A.U. 


in cm“i 

in cin-i 


4025 (s) 

83 

24838 

643 


4132 (m) 

44 

24195 

499 


4219 (m) 

80 

23696 

533 


4316 (v.H.) 

91 

23163 

642 

1% solution of 

4439 (b) 

34 

22521 


yj-chloro toluene 




447 

in n-heptane 

4629 (m) 

75 

22074 

621 


4660 (v.s.) 

124 

21453 

656 


4807 (w) 

37 

20797 

395 


4900 (?) 

— 

20402 

531 


6031 (w) 

38 

19871 



4032 (m) 

59 

24795 

665 


4143 (m) 

28 

24130 

434 


4219 (m) 

90 

23696 

581 


4326 (8) 

85 

23115 

670 

1 % solution of 

4454 (m) 

19 

22445 


p-chlorotolueno in 
methyl cyclohexane 

4520 (w) 

50 

22074 

371 

653 


4607 (s) 

24 

21421 





205 


4712 (m) 

87 

21216 

462 


4817 (m) 

51 

20754 

918 


5040 (v.w.) 

45 

19836 



4030 (m) 

28 

24807 

671 


4142 (w) 

25 

24136 

254 


4186 (w) 

27 

23882 

192 


4220 (v.w.)? 

— 

23690 

294 

4% solution of 

4273 (m) 

15 

23396 


P'Chlorotoluone in 



270 

methyl alcohol 

4323 (s) 

30 

23126 

436 


4406 (m) 

36 

22690 

616 


4520 (m) 

40 

22074 

621 


4660 (s) 

142 

21453 

626 


4800 (w) 

35 

20827 
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TABLE m 


Fluorescence spectra 


Substance 

Position of 

Width in 

Position of 

Successive 

(frozen and cooled 

the band 

A.U. 

the band 

differences 

down to — 180°C) 

in A.U. 


in cm-i 

in cm-i 


4038 (m) 

77 

24758 






1062 


4219 (w) 

80 

23696 






581 


4325 (v.8.) 

m 

23115 


2% solution of 




1041 

p-ohlorotoluene in 

4529 (m) 

si 

22074 


carbon tetrachloride 




621 


4660 (v.s.) 

1-^ 

21453 




± 


1051 


4900 (v,w) 


20402 




T 


531 


5031 (v.w) 

t 

19871 



4038 (w) 


24758 




r 


1062 


4219 (w) 

l4r 

23696 






581 


4325 (v.s) 

120 

23115 


2% solution of 




1041 

j9-chlorotoluene in 

4529 (m) 

75 

22074 


tetrachloroethylene 




621 


4660 (8) 

116 

21453 






656 


4807 (v.w) 


20797 






926 


5031 (v.w) 

35 

19871 




TABLE 

IV 




Fluorescence 

spectra 



Substance 

Position of 

Width in 

Position of 

Suor^essivo 

(frozen and cooled 

the band 

A.U. 

the band 

differences 

to —ISO'^C) 

in A.U. 


in cm"J 

in cm“* 


4038 (m) 

70 

24758 






1062 


4219 (m) 

72 

23696 

681 


4325 (v.s) 

116 

23116 






1041 

15% solution of 

4529 (s) 

75 

22074 


^•chlorotoluene in 




621 

carbon disulphide 

4660 (v.s) 

118 

21463 

656 


4807 (v.w)? 

— 

20797 

395 


4900 (v.w) 

— 

20402 

531 


5031 (v.w) 

32 

19871 


6% solution of 
p-ohlorotoluene in 

4326 (v.w) 


23115 

1662 

carbon disulphide 

4660 (v.w) 


21463 
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It is found from Table I that when the solidified mass of ^-chlorotoluene 
is cooled down to — 30°C only two weak fluoresecence bands are observed at 

O 

4325 and 4660 A respectively. When the temperature of the solid lowered 
to 180°C, the intensity of fluorescence increases enormously and besides the 
two bands mentioned above six more weaker bands are observed. Table I 
further shows that when the substance is dispersed in frozen benzene the fluores* 

cence bands undergo some changes. The bands at 4219 and 4529 A become 

o 

stronger while the broad band at 4325 A appears to be split up into two compo- 

o 

nents at 4307 and 4362 A respectively. The three weaker bands at 4^07, 4900 

o 

and 6031 A seem to merge into one another to form a broad and weak band at 
4800 A. 

Table II shows that the fluorescence spectrum is altered appreciably if 
the substance is dispersed in frozen n-heptane, methyl cyclohexane or methyl 
alcohol, the change depending on the nature of the solvents. In the case of 

the solution of a-heptane each of the strong bands at 4038 and 4325 A splits up 

into pairs at 4025 and 4132 A, 4316 and 4439 A respectively. The wave number 
difference between the components in each pair is about 642 cm'*^. Further, the 

band at 4807 A seems to become stronger and that at 4900 A becomes weaker 
when the substance is dispersed in frozen a-heptane. In the case of solution 
in methyl cyclohexane also each of the three strong bands breaks up into two 

components which are at 4032 and 4143 A, at 4325 and 4454 A and at 4667 and 

O 

4712 A respectively while the band at 4807 A to '*^>7 ^ and becomes 

stronger. In the case of the solution in methyl alcohol either of the bands at 

O 

4038 and 4219 A breaks up into a pair of components while the strong band 
at 4326 splits up into three components at 4273, 4326 and 4406 A respectively. 
Amongst the three weak bands on the longer wavelength side, only one diffuse 
band can be observed at 4800 A in this case. 

Table HI on the other hand shows that when the molecules of p-chloro- 
toluene are dispersed in carbon tetrachloride or tetrachloroethylene in the solid 
state the fluorescence spectrum is only slightly altered. In the former case the 

band at 4807 1 disappears and in the latter case the relative intensities of some 
of the bands undergo slight changes. 

Table IV shows that the nature of the fluorescence spectrum is not at all 
altered when ^^-chlorotoluene is dissolved in carbon disulphide, but the intensity 
of fluorescence diminishes rapidly with lowering of -concentration of p-chloro- 
toluene in carbon disulphide. The fluorescence spectrum is Observed to be 
intense in the case of a 15% solution of p-chlorotoluene in carbon disulphide, 
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but the fluorescence tends to disappear when the strength of the solution is 
reduced from 15% to 6% by volume. 

The appearance of fluorescence in j!>-chlorotoluene in the solid state at low 
temperature and also the rapid increase in its intensity with lowering of tem- 
perature of the solidified mass suggest that the fluorescence is due to the influence 
of intermolecular field which seems to increase rapidly with lowering of tempera- 
ture. In order to understand whether this intermolecular field is to be identi- 
fied with the lattice field of the crystalline substance or it is due to the forma- 
tion of small groups of associated molecule, the fluorescence spectra of the 
substance in dilute solutions in a number of solvents are to be examined care- 
fully. The results given in Tables I — III show that the fluorescence persists 
even in very dilute solutions of the substai|ce in benzene, w-heptane, methyl 
(;yclohexano, methyl alcohol, carbon tetraichloride and tetrachloroethylene. 
When p-chlorotoluene is dissolved in small quantities in these solvents and the 
solutions are frozen, the molecules remain dispersed homogeneously in the frozen 
mass and the solute does not separate out in the form of small crystals. Further, 
to prevent the fluorescence coming out from any such separated crystallites from 
entering into the spectrograph, fluorescence from the upper portions of the 
frozen solutions was studied in the case of solvents lighter than the substance 
and in the case of heavier solvents the lower portions of the solidified solution 
were used, so that there was very little chance for the fluorescence of such 
separated crystals to fall on the slit of the spectrograph. Hence the fluorescence 
exhibited by the frozen solutions cannot be due to lattice field in the pure sub- 
stance. It appears, therefore, that when the molecules of p-chlorotoluene come 
very close to each other, they probably form small groups amongst themselves 
and the distortion produced in the molecules in these gi’oups in the solid state 
at low temperature leads to the production of metastable states responsible for 
this fluorescence. 

It is observed that different solvents have different influence on the fluore- 
scence spectrum of this substance. The influence is the least in the case of 
benzene used as the solvent, but the other aliphatic solvents alter the spectra 

appreciably. 

These results can be interpreted on the following assumptions. In the 
case of the pure substance in the solid state whenever virtual bond is formed 
between the chlorine atom of one p-chlorotoluene molecule and the hydrogen 
atom of a neighbouring molecule, the metastable states are produced. When the 
molecules are dispersed in benzene, the chlorine atom of the p-chlorotoluene 
molecule probably forms such virtual bond with the hydrogen atom of a neigh- 
bouring benzene molecule and again almost the same metastable state is pro- 
duced. So even in the case of 1 % solution the fluorescence persists without diminu- 
tion in intensity. When the aliphatic solvents are used, the chlorine atom of 
the p-chlorotoluene atom again forms virtual bonds with the hydrogen atoms 
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of the OHj groups, but the metastable states produced in this way are different 
from those produced by similar attachment of the chlorine atom to the hydrogen 
atom of the benzene ring. Hence the fluorescence persists with undiminished 
intensity even in the case of 1 % solutions although the spectrum is altered appre- 
ciably. When the solvent molecule does not contain any hydrogen atom but 
contains chlorine atoms, the hydrogen atoms of the p-chlorotoluene molecule 
can be attached to the chlorine atoms of the neighbouring solvent molecules 
and even then nearly the same metastable states are produced as in the case of 

O O 

the pure Hubstance. Tt appears that the bands at 4325 A and 4660 A are due 
to such attachment of the chlorine atom of the solvent molecule to the ring of 

o o 

the /}-chlorotoluenc molecule while the bands at 4038 A and 4529 A are pro- 
duced by attachment of hydrogen atom of the solvent molecule to the chlorine 
atom of the /i-chlorotoliiene molecule because these latter two bands become 
weaker when the substance is dispersed in solidified C 2 CI 4 . 

The results obtained using carbon disulphide as the solvent seem to support 
the assumption mentioned above. It has been observed that the fluorescence 
persists in the case of 15% solution of the substance in frozen CSg, but it almost 
disappears abruptly when the concentration is reduced to 5%. The times of 
exposure and the width of the slit of the spectrograph were suitably adjusted 
to verify this conclusion. Also, the spectrum of the light coming only from 
the lower portion of the frozen solution was recorded. It appears that in the 
case of the 15% solution some of the molecules of 7 )-chlorotoluene exist as dimers 
or in small associated groups giving rise to the metastable state, while such 
groups break up into monomers at lower concentrations. 

It can be clearly seen that the abrupt disappearance of the fluorescence 
with the change of concentration from 15% to 5 % can not be due to the quench- 
by CSg molecules, because if a quenching effect would exist, no fluorescence 
could be observed in the case of the 15% solution. Further, the fluorescence 
spectrum is in the visible region while the longest electronic absorption band 

of the CSg molecule lies in the region between 3400 A, and therefore, 

the fluorescence cannot be quenched by carbon disulphide molecules. 

The results thus furnish new evidence for the formation of strongly associa- 
ted groups of molecules in the solid state of such substituted benzene mole- 
cules. Investigations with other compounds are in progress. 
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THE ULTRAVIOLET ABSORPTION SPECTRUM OF 
META-FLUOROCHLOROBENZENE 

S. L. N. G. KRISHNAMACHARI 

Physics Department, Andhra University, Waltair 
{Recfivod for publication, Jrmuarf/ 24, 1956) 

In continuation of the work on the ortho-jBiioro-chlorobenzene (author, 1955), 
the ultraviolet absorption spectrum of metgirfluorochlorobenzene in the vapour 
state was studied, the only previous investigajfcioii on the absorption of this mole- 
cule being in hexane solution by Oonrod- Billroth (1936). The sjieetrum was 
photographed with path lengths 15, 50 and t6 ems and at rlifferent temperatures 
ranging from — 80°C to about +100°C. 

Two regions of absorption were observed : 

o 

(1) a continuous one below 2150 A and (2) a discrete one in the region 
2850-2350 A. These two regions merge together at higher vapour pressures. 
The bands in the discrete region are red degraded and about 200 of them were 
measured. This system could be interpreted as due to the electronic transi- 
tion In accordance with this a strong 0,0 band and progressions and 

(combinations of many totally symmetrical vibrations were observed. The 
strong band at 37026.5 cm*"^ was chosen as the 0,0 band of the system. Most 
of the bands were interpreted in terms of five upper state and four lower state 
frequencies. These, together with other data, are presented in Table 1. 

TABLE I 

Ground and excited state frequencies of 3 


Raman data 
(Kohlrausch, 193<'5) 

Int. 

U.V. absorption data 

Tentative 

assignment 

Ground 

state 

Excited 

state 

683 

7 

688 

636 (st) 

C-Cl stretching 

880 

2 

895 

846 (m) 


1002 

10 

1007 

966 (vst) 

Carbon ring breathing 

1060 

4 


1023 (s) 


1217 

4 

1229 

1218 (ms) 

C-F stretching 


151 
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On the red side of each of the strong bands, satellite bands were observed 
with frequency separations of 42 and 78 cm~^, the latter being more pronounced. 
These bands were interpreter! as the transitions of some of the low lying 
vibrations. All strong bands also exhibit a double-headed structure with a 
separation of t> om“^. These double heads are most probably rotational fine 
structure. A portion of the spectrum is reproduced in figure 1 . 

A detailed discussion of the analysis will be published shortly. 

a 





Kig. 1. nnrt of thr U.V. absorption spectrum of w-fluorochlorobenzene 
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ABSTRACT. The analysis of geomagnetic activity has been made for the ))oriod 
1950-54 and four sequences of aimual variations hate been detected. It has been shown that 
the most predominant effect of M-rogions is observaible only on particular dates separated at 
an interval of 27 days. In the last section the possibility of the association of M-rogions 
with various solar features has boon discussed and it is found that they can be identified 
with unipolar magnetic regions which may also be the seat of low (joronal line intensities. 

I. INTRODUCTION 

The moderate geomagnetic storms showing 27 -day recurrence tendency 
were supposed to last for the duration of seven to eight rotations only, forming 
the HO called Jf-sequences, due presumably to the existence of some 3/-regions 
(Bartels, 1932), In a recent paper Naqvi and Bhargava (1954, hence forth refrred 
to as Paper I) have shown the presence of two very long JIf -sequences, showing 
annual variations against the six-monthly variations discussed by Bartels. The 
most probable cause of this annual variation was described to be tilt of solar axis 
of rotation to the ecliptic and is referred to as '‘axial hypothesis in Paper I. 
In a more recent paper Naqvi and Tandon (1955) have given the results of the 

analysis of geomagnetic activity for the period 1930-34 and detected three very 

long se-quences showing annual variations. The longest sequence in this period 
lasts for about 68 rotations. 

In the present paper, the sample of data for the period 1960-54 has been re- 
examined and four sequences {A, B, A„ and B,) have been obtained. The first 
two sequences are essentially of the same nature as referred to in Paper I while 
the last ones apparently show six-monthly variations. A close examination 
of Ai and S, sequences has indicated the presence of the real annual variation 
and thus strongly favours the axial hypothesis which is also supported by the 
analysis of geomagnetic activity in regard to their association with regions of 
coronal emission lines (Bell and Glazer, 1964). It has further been shown that the 
most predaminent effect of M -regime is observaUe m particular dates which are 
separated from one another at an interval of 27 days and that these regions live for 
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about 30^50 rotations. In the last section the possibility of identifying these Jf- 
regions with various solar features has been discussed and is shown that Jlf -regions 
can be identified with the newly observed ‘unipolar’ magnetic regions. 

II. ANALYSIS OF THE GEOMAGNETIC ACTIVITY 

(a) Method of Analysis The three days running means of the daily 
i7-figure of the geomagnetic activity is plotted for the period 1950-54 and the 
sequences of recuirrent activity with a period of 27 days are constructed. The 
sequences are considered to be continuing during the next year, even after six or 
seven rotations of low activity, if the high activity repeats during that year. It 
has been verified that this process of three days running means essentially does 
not affect the variation of the acdivity within a sequence except slightly reducing 
the large maxima and slightly increasing the minima or shifting the date of 
maximum activity by one day on either side. 

To study the variation of geomagnetic activity within a particular sequence 
five different sets of curves are plotted as follows; 

(i) Mean day activity curve: The T-figure after every 27 days starting 
from (iertain selected dates, determined on the basis of the plots of the three days 
running means of the daily CLfigure. Those curves show a well marked periodi- 
city of annual nature. 

(ii) The t'-figure after ev?rv 27 days starting one day earlier than in the case 
of the mean day activity curve. 

(iii) The O-figure after every 27 days starting one day later than in the case 
of the mean day activity curve. 

The purpose of the second and the third set of curves is to check the ap- 
propriateness of the particular dates chosen for the first set. The periodicity in 
the later sets is found to be less marked than in the mean day activity curves. 
This was expected in view of the fact that moderate geomagnetic storms last for 
for about 2-4 days only. To illustrate this departure we consider .4 -sequence 
in figure 1 which shows the mean day activity curve by thick lines while the 
second and the third set of curves by thin lines superimposed over the thick 
curve. A close examination of this figure clearly indicates the departure in the 
periodicity of the second and the third set of curves from the mean day activity 
curves, referred to as above. 

(iv) Mean activity curve: The three day running means centered around 
the selected dates used in the mean day activity curves at an interval of 27 days ; 
this, indeed, is a composite effect of the first, the second and the third set of curves 
and shows a well marked periodicity as good as in the case of the first set of curves. 

There are theoretical difficulties to account for the behaviour of the set of 
curves 2 and 3 and the mean day activity curves as regards to their periodicity 
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and <»ii probably, be explained on the assumption of narrow beam of particles. 
We will not ontw into the cause of such peculiar behaviour of these sets of curves 
because we have not investigated the theories of magnetic storms here. The 
nme properties of JIf -storms have also been found by the author in the analysis 
of the geomagtietic activity for the period 1920-24 and 1930-34. 


zol- 



Fig. 1 


Curve I — (Thick line) — The mean day activity curve. 

Curve II— (Medium thick line)— The one day earlier curv-. 

Curve III — (Thin line) — The one day later curve. 

Cross— Values of C-fig. for the S.S.C type storm for curve I. 

Circle — Values of 0-fig. for the S.S.C. type storm for curve II^ 

Dot— Values of C-fig. for the S.S.C. type storm for curve III. 

(v) The muximuM activity Curve: This set of curves is plotted by picking 
the highest value of (7-figure around the selected dates with a departure of only 
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±1 (lay from the 27 days periodicity. The annual variation of the sequence is 
sufficiently marked but not as good as in the case of the mean day activity curves. 
This set of curves is essentially the same as discussed in Paper I, differing only 
in minor details which are given below along with the discussion of A and B 
se-quences. 



Fig. 2 

Curve I (Thick line) — ^The mean day activity curve. 

Curve II (Medium thick line) — ^The maximum activity curve. 

Curve III (Thin line) — ^The mean activity curve. 

Cross — ^Values of C-fig. for the S.S.C. type storms for curve I. 

Circle — Values of O-fiig, for the S.S.C. type storms for curve II. 

^ (b) Discussion of Sequences : — The data for the analysis have been taken 

from the Journal of Geophysical Research. The sudden commencement type of 
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storms considered here are those marked as S.S.C. type of storms. This analysis 
of geomagnetic activity for the period Jan. 1950 to June 1954 has led to the four 
sequences (called A, B, A^and B^) showing annual variations. The A and B 
sequences are essentially of the same nature as discussed in Paper I, while Ay 
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W5 5 

Fm. 3 

Curve I (Thick line) — ^The mean day activity curve. 

Curve II (Medium thick line) — ^The maximum activity curve. 
Curve III (Thin line) — ^The mean activity curve. 

Cross — ^Values of 0*fig. for the S.S.C. type storms for curve I. 
Circle-— Values of C-fig. for the S.S.C. type storms for curve II. 


and )By sequences refer to the new sequences which apparently show six-monthly 
variation and iire discussed in detail below. These four sequences are shown in 
figures 2 to 5 respectively. The days and months in these figures are represented 
by the numerical numbers from 1 to 12, corresponding to the activity belonging 
tq the months from January to December, respectively. The mean activity 
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and maximum activity curves are shown superimposed over the mean day acti- 
vity curves in these figures. The data for these curves are tabulated in Tables 
II to V. Column 1 gives the dates of the aequ^oes while columns 2 and 


C-PtJ. 



Fro. 4 

Curve I (Thick line)— -The mean day activity curve. 

Curve II (Medium thick line) — ^The maximum activity curve. 
Curve III (Thin line)*— The mean activity curve. 

Cross — Values of C-fig. for the S.S.C. typo storms for curVe I. 
Circle — ^Values of C-dg. for the S.S.C type storms for curve II. 


4 represent the values of 0-figures for the mean day activity and maximum aoti- 
vity curves. Column 3 gives the 3-day running means of the C-figures for the mean 
activity curves and in column 6 the interval of recurrence for the maximum acti- 
vity curves is given. In the last colnmn of Tables II and IV, the dates of If- 
sequences of Bell and Qlazer are given for comparison. To summarize these results 
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we have given the approximate dates of beguming and of the end, the number of 
rotations and the probable latitude of the JIf -regions in Table I. The longitude 



Fio. fi 

Curve I (Thick line)— The mean day activity curve. 

Curve II (Medium thick line)— The maximum activity curve. 

Curve III (Thin line)— The moan activity curve. 

Cross —Values of C-fig. for the S.S.C. type sterms for curve I. 

Circle— Values of C-fig. for the S.S.C. type storms for curve II. 

difference of the the A and the B Jlf -regions (called after the respective 
sequences) with respect to the Bi Jf-region are about 27 , 80 and 176 respec- 
tively. 
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TABLE I 



24 -sequence 

J9-Bequence 

ill-sequence 

Bi -sequence 

The approximate date' 
of beginning 

19Jun. 1950 

1 Jan. 1951 

15 Jun. 1950 

2 Jan. 1950 

The approximate date of end 

— 

14 May 1953 

15 Jan. 1963 

1 May 1963 

Month of max. atftivity 

Month of min, activity 

Sept. 

Marc. 

Mar. 

Sept. 

»Sopt. 

Mar. 

"Mar. 

Sept 

No. of rotations 

54 

32 

35 

46 

Periodicity 

1 2 month 

12 month 

12 month 

12 month 

Position of -AZ-region(Latitude) 

above 7“.2.N. 

below 7^2.S. 

above 7‘'.2.N. 

below 7^2.S. 


A and H ftefi'ti€nc.cs : Tho A and J5 s6C|uenoes are supposed to bej^in res- 
fwctively frf)tn the I'Hh June 1950 and the 1st Jan. 1951 rather than from the 
15th June 1950 and 22nd Nov. 1951 as reported in Paper I, where the authors 
have departed by days from the mean day activity by taking consecutive 
rotations of 26 or 28 days and hence the beginning part of their A sequence belongs 
to our Ai-sequencc. Tn the present analysis we have restricted ourselves to a 
tb 1 Jay shift only from the dates chosen for the mean day activity curve. The 
two sequences last for about 54 and 32 rotations respectively. The ilf -regions 
(A and B) responsible for these sequences are found to be separated with a dif- 
ference of about 95° in longitude and lie above 7°.2 and below 7°.2 in the northern 
and southern solar hemispheres respectively. 


TABLE ri 


?. No. 

Date 

I'-fig. 

Three times 
the values 
of the run- 
ning mean 

Max, C-flg. 

Interval 

days 

Date for 
Bell and 
Glazer 
sequences. 

1 

19~ 0-50 

0.2 

0.8 




2 

16- 7-50 

0.5 

1.3 

0.6 

26 


3 

12- 8-50 

1.0 

2.7 

1.1 

27 


4 

8- 9-50 

1.5 

3.2 

1.5 

28 


5 

5.10.50 

1.3 

3.8 

1.5 

26 


6 

1-^11-60 

1.5 

3.7 

1.5 

27 


7 

28-11-50 

1.4 

3.8 

1.4 

27 


8 

26-12-50 

1.3 

4*0 

1.5 

27 


9 

21- 1-51 

1.2 

3.4 

1.2 

--28 


10 

17- 2-51 

0.3 

0.9 

0.6 

28 


11 

16- 3-51 

1.0 

2^9 

1.0 

26 


12 

12- 4“61 

1.0 

3.1 

1.4 

28 


13 

9- 6-61 

1.4 

3.0 

1,4 

27 


14 

6- 6-61 

0.6 

2.3 

1.1 

27 
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TABLE II (contd.) 




■ 






S. No. 

Date 

C-fig 

Three times 
the values 
- o£ the run— - 
ning mean 

Max C-fig- 

days 

. Date for 

Bell and 

Glazer 

sequences 

15 

2- 7-51 

1.7 

3.1 

1.7 

26 

■ 1_ 7-61 <«> 

16 

20- 7-61 

0.7 

2.8 

1.3 

26 

28- 7-61 

17 

25- 8-51 

1.4 

3.6 

1.4 

28 

24- 8-61 

18 

21- 9-51 

1.7 

6.0 ! 

1.7 

27 

20- 9-61 

19 

18-10-51 

1.4 

4.6 n 

1.7 

“26 

17-10.-61 

20 

14-11-61 

1.6 

4.3 f 

1.6 

27 

,12-11-51 

21 

11-12-51 

1.1 

2.8 ' 

1.2 

27 

8—12—51 

22 

7- 1-61 

1.0 

2.7 f 

1.2 

27 


23 

3- 2-52 

0.1 

0.7 ; 

0.5 

27 


24 

1- 3-52 

0.8 

1.9 * 

1.0 

27 


25 

38- 3-62 

O.l 

1.4 

0.9 

■ 27 


26 

24- 4-62 

0.8 

1.7 

0.8 

28 


27 

21- 6-52 

0.6 

1.5 

0.9 

26 


28 

17- 6-62 

0.8 

2.5 

0.9 

27 


29 

14- 7-52 

0.7 

2.0 

0.7 

28 


30 

10- 8-52 

0.9 

2.1 

0.9 

27 


31 

6- 9-52 

0.7 

2.0 

1.2 

28. 

f7-9-62‘/> 

32 

3-10-62 

1.4 

4.0 

1.7 

27 

3-10-5 

33 

30-10-52 

1.5 

4.0 

1.6 

27 

30-10-62 

34 

26-11-62 

1.2 

3.2 

1.5 

27 

26-11-52 

35 

23-12-62 

0.0 

1.8 

1.3 

27 

24-12-62 

36 

19 1-63 

1.2 

2.9 

1.2 

. 26 

; 

37 

15- 2-63 

0.7 

2.4 

1.9 

28 


38 

14r- 3-63 

0.7 

1.6 

0.7 

27 


39 

1(V- 4-53 

0.9 

2.4 

1.1 

27 

10-4-63'*» 

40 

7- 6-63 

1.1 

3.7 

. 1.1 

27 

,6 6-63 

41 

3- 6-63 

1.4 

3.9 

1.4 

26 

2- 6-63 

42 

30- 6-63 

1.4 

4.0 

1.5 

27 

29- 6-63 

43 

27- 7-63 

1.4 

3.6 

1.4 

27 

26- 7-53 

44 

23- 8-63 

1.6 

3.3 

1.6 

27 

23- 8-53 

45 

19- 9-63 

1.8 

4.2 

. 1.8 

- 27 

19- 9-63 

46 

16-10-63 

1.6 

4.6 

1.6 

27 

15-10-63 

47 

12-11-63 

' 1. 

3. 

1.6 

27 


48 

9-12-63 

0.6 

1.3 

.06 

27 


49 

6- 1-64 

0.8 

. 1.2 

. 0.8 

27 


50 

1- 2-64 

1.1 

2.7 

l.l 

27 


61 

28- 2-64 

0.8 

2.6 

1.3 

26 


52 

27- 3-64 

0.3 

’ 1.4 

0.9 

20 


53 

23- 4^64 

1.0 

2.2 

1.0 

29 


54 

20-. 6-64 

0.7 

J2.3 

0.8 

27 


55 

16- 6-64 

0.0 

0.4 

0.2 

20 
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TABLE III 


Three times Interval 


S. No. 

Date 

C.-fig. 

the values 
of run- 
ning mean 

Max. C. fig. 

days 

1 

1- 1~51 

0.6 

1.8 



2 

28- 1-51 

1.0 

2.4 

1.0 

27 

3 

24- 2-51 

1.4 

4.1 

1.7 

26 

4 

23- 3-51 

1. I 

3.6 

1.5 

27 

5 

19- 4-51 

1.0 

4.1 

1.7 

27 

6 

16- 5-51 

0.9 

2.9 

0.9 

28 

7 

12- 6-5 

0.7 

2.1 

0.7 

27 

8 

9- 7-51 

0.8 

1.7 

0.8 

27 

9 

5- 8-5 

0.7 

3.1 

0.8 

26 

10 

1- 9-5 

0.3 

1.3 

0.9 

27 

11 

28- 9-51 

0.6 

2.3 

1.6 

27 

12 

25-10-51 

0.0 

1.1 

0. 

27 

13 

21-11-51 

0,5 

2.3 

0.9 

27 

14 

18-12-51 

1.0 

3.2 

1.0 

27 

15 

14- 1-52 

1.4 

4. 

1.5 

27 

16 

10- 2-52 

1.4 

3.9 

1.4 

28 

17 

8- 3-52 

1.5 

4.5 

1.5 

27 

18 

4- 4-51 

1.5 

4.6 

1.7 

26 

19 

1- 5-52 

1.5 

4.5 

1.6 

27 

20 

28- 5-52 

1.3 

4.2 

1.6 

27 

21 

24- 6-52 

!• 

3.4 

1.3 

27 

22 

21- 7-52 

1.4 

3.6 

1.4 

28 

23 

17- 8-52 

1.4 

2.8 

1. 

27 

24 

13- 9-52 

0.2 

2.4 

1.2 

27 

25 

10-10-52 

0,9 

2.7 

1.0 

27 

26 

6-11-52 

0.9 

2.1 

1.0 

27 

27 

3-12-52 

1.0 

3.8 

1.4 

27 

28 

30-12-52 

1.3 

3,7 

1.3 

26 

29 

26- 1-53 

1.6 

4.3 

1.6 

27 

30 

22- 2—52 

1.3 

3.5 

1.5 

28 

31 

21- 3-53 

1.4 

3.2 

1.4 

28 

82 

17- 4-53 

0.7 

2.8 

1.4 

26 

83 

14 - 5-53 

0.1 

1.6 

0.1 

28 
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and Sequences : — The A-^ and sequences begin from the 15th 
June 1950 and the 2nd January, 1950 respectively. The difference in longitude 
between the two Jf -regions ((.4^ and B^) responsible for these sequences is about 
27°. The two Jf-regions are to be situated above 7.2° and below 7.2° in the 
northern and the southern solar hemisphere respectively. 

TABLE IV 


Three timed Date for 

the values Bell and 


S. No. 

Date 

. - - 

c.flg. 

of the ruHf 
ning mean 

Max. C-flg. 

Interval 

days 

Glazer 

sequences 

1 

15- 6-50 

0.0 

0.6 " 




2 

12- 7-50 

1.4 

3.8 1 

1.4 

27 

11- 7-60 

3 

8- 8-50 

1.8 

4.7 ; 

1.8 

27 

7- 8-60 

4 

4- 9-50 

1.5 

4.7 

1.6 

28 

3- 9-60 

5 

1-10-60 

1.6 

4.1 

1.7 

27 

1-10-60 

6 

28-10-50 

1.8 

3.5 

1.8 

26 

28-10-60 

7 

24-11-50 

0.9 

2.7 

1.5 

28 

25-11-60 

8 

21-12-50 

0.2 

2.6 

1.6 

27 

22-12-50 

\) 

17- 1-51 

0.5 

1.8 

0.5 

27 


10 

13- 2-51 

0.9 

2.9 

1.3 

26 


]] 

12- 3-51 

1.2 

4.0 

1.2 

27 


12 

8- 4-51 

1.0 

3.2 

1.2 

27 


K3 

.5- .5-51 

0.5 

2.2 

1.1 

27 


4 

1- 6-51 

1.0 

2.6 

1.0 

28 


15 

28- 6-51 

0.8 

2.3 

0.8 

27 


16 

25- 7-51 

0.8 

2.4 

1.3 

28 


17 

21- 8-51 

1.6 

4.2 

1.6 

26 


IS 

17- 9-51 

1.5 

4.3 

1.7 

26 


H) 

14-10-51 

1.0 

3.9 

1.2 

27 


20 

10-11-51 

0.0 

1.2 

0,8 

27 


21 

1 

7 

0.8 

2.5 

0.8 

28 


22 

3- 1-52 

0.6 

1,8 

1.0 

28 


23 

30- 1-52 

0.7 

3.0 

0.8 

27 


24 

26- 2-52 

1.2 

3.6 

1.4 

27 


25 

24- 3-52 

1.4 

3.9 

1.4 

26 


26 

20- 4-52 

0.4 

2.6 

1.2 

26 


27 

17- 5-52 

0.4 

1.9 

0.4 

28 


28 

13- 6-62 

0.3 

2.0 

1.3 

28 


29 

10- 7-52 

1.0 

2.6 

1.0 

26 


30 

6- 8-62 

l.O 

2.7 

1.0 

27 


31 

2- 9-52 

1.4 

4.1 

1.6 

26 


32 

29- 9-52 

1.7 

4.6 

1.7 

28 


33 

26-10-62 

1.6 

2.9 

1.6 

27 


34 

22-11-62 

0.9 

2.4 

1.2 

26 


36 

19-12-62 

0.1 

0.8 

0.7 

27 


36 

16- 1-63 

0.1 

0.6 

0.3 

26 
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TABLE V 


Three times 
the values 


. S. No . 

Date 

C - flg . 

of the run - 
ning mean 

Max . C - 6g . 

Interval 

days 

1 

2 - 1-60 

0.4 

1.6 



2 

29 - 1-50 

0.2 

2.0 

0.8 

26 

3 

26 - 2-60 

1.1 

2.7 

1.6 

27 

4 

24 - 3-60 


2.1 

1.1 

28 

r> 

20 - 4-60 

1.0 

2.0 

1.0 

27 

0 

17 - 6-60 

0.4 

1.2 

0.6 

26 

7 

13 - 6-60 

0.0 

0.6 

0.4 

27 

• -8 

le - 7-60 

0.6 

2.6 

0.7 

27 * 

0 

6 - 8-60 

0.6 

2.6 

0.6 

28 

10 

2 - 9-60 

0.4 

2.0 

1.6 

28 

' ll 

29 - 9-60 

0.0 

1.1 

0.8 

27 

12 

20 - 10-60 

0.1 

0.3 

0.1 

26 

' 13 

22 - 11-60 

1.2 

1.9 

1.2 

27 

^ 14 

19 - 12-60 

0.7 

2.4 

0.9 

26 

“ Ifi 

16 - 1-61 

1.0 

2.8 

1.0 

28 

" 16 

11 - 2-61 

1.2 

3.7 

1.3 

28 

17 

I ' O - 3-61 

1.3 

3.6 

1.3 

26 

18 

6 - 4-61 

1.4 

3.9 

1.4 

27 

19 

3 , 6-61 

1.2 

3.9 

1.6 

26 

20 

30 - 6-61 

0.8 

2.1 

0.8 

28 

21 

26 - 6-61 

0.6 

2.8 

1.4 

26 

22 

23 - 7-61 

1.1 

3.6 

1.2 

27 

23 

iO - 8-61 

0.6 

2.1 

0.6 

28 

24 

16 - 9-61 

1.3 

4.1 

1.7 

28 

25 

12 . 10-61 

0.7 

2.8 

1.2 

27 

26 

8 - 11-61 

0.4 

2.2 

0.8 

27 

27 

6 - 12-61 

0.7 

" 2.1 

0.7 

26 

28 

1 - 1-52 

1.0 

2.7 

1.6 

26 

29 

28 - 1-62 

■ 1.0 

4.0 

1.6 

27 

30 

^ 4 - 2-52 

1.7 

3.3 

1.7 

28 

31 

22 - 3-62 

1.2 

4.0 

1.6 

28 

32 

18 - 4-62 

0.9 

2.7 

1.2 

27 

33 

16 - 6-62 

0.3 

0.8 

0.3 

26 

34 

11 - 6-62 

0.8 

2.2 

1.0 

26 

35 

" 8 - 7-62 

0.6 

1.9 

.05 

28 

36 

4 - 8-62 

0.9 

2.9 

1.2 

26 

37 

31 - 8-62 

0.6 

3.3 

1.1 

27 

38 

37 - 9-62 

1.1 

3.6 

1.1 

27 

39 

34 - 10-62 

0.0 

0.9 

0.0 

27 

40 

20 - 11-52 

0.4 

1.7 

0.4 

38 

41 

i7 - 12-62 

• 0.4 

1.7 

0.7 

26 

42 

18 - 1-63 

0.8 

1.2 

0.8 

26 

43 

9 - 2-63 

0.9 

1.9 

0.9 

27 

44 

^ 3 - a-63 

1.3 

3.7 

1.6 

28 

45 

4 - 4-63 

1.2 

2.2 

1.2 

26 

46 

1 - 6-63 

0.2 

0.9 

0.2 

27 
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The study of these sequences on the basis of the maximum activity curves 
shows marked six-monthly periodicity Which is not so predominent, if one 
considers the mean day activity curves. It is quite apparent from the study of 
the A and ^-sequences of the present analysis (see figures 1,2 and 3 ) that the 
main features of the ilf -sequences are markedly seen on the mean day activity 
curves. This effect has also been observed by the author, while analysing the 
samples of data for the two other periods via. 1920-24 and 1930-34. Further, it 
is seen that the secondary maxima of the two sequences and B^) are not as 
much pronounced as the primary ones. Fron| these one can very well judge the 
reality of the annual variations of these seqiifences. 

Keeping in view the fact that the inoderajfce geomagnetic* storms last for about 
2 to 4 days, this six-monthly periodicity of and sequences can very well be 
l>e accounted for from the hypothesis of Bhar|ava and Naqvi (1954, see als() Paper 
T) by assuming that the tw^o J/-regions resp^msible for these sequences arc lying 
in the opposite hemispheres and have a longitude difference of about 27*^. The 
and the ikf -regions were aedive for about 35 and 45 rotations respectively. 

III. SOLAR FEATURES AND M-R R O I O N S 

The annual variation of geomagnetic activity for the period 1930-34 (Naqvi and 
Tandon) and 1950-54 (Paper T) related to solar Jlf-regions has given some clue to 
the probable position of these regions. The cause associated with these annual 
variations viz., the tilt of solar axis of rotation to the ecliptic has already been 
discussed in detail in Paper 1 (see also Bhargava and Naqvi 1954). This expla- 
nation (axial hypothesis) further receives support from the study of geomagnetic 
variation associated with regions of weak coronal line emission (Bell and Glazer, 
1954). 

Several attempts have been made to identify the ^/-regions on the basis of 
visible phenomena occuring in the solar corona and on the disc. There are two 
different views, one relating the source of the J/ -regions responsible for the 
moderate geomagnetic storms with the solar ultraviolet radiations and the other 
relating them with the solar corpuscular radiations. Wulf and Nicholson (1948) 
and Richardson (1961) considered the first possibility, by relating the Jf -regions 
activity with the bright hydrogen and calcium flocculi which emit ultraviolet 
radiations. It has now been tentatively decided that these ilf -sequences are due 
to the effect of the compuscular radiation coming from some hypothetical Jf- 
regions. Allen (1944) and Kiepenheur(1952) ascribed the ilf-regions to an increase 
in the filament area near the central meridian of the sun. The present analysis 
indicates that the storms related to coronal streamer observed at the eclipse of 
26th Feb. 1962 (Von Kluber, 1962) and discussed by Kiepenheur, do not belong 
to any of the four sequences considered above. 

.5 Maxwell (1962) has discussed the first few rotations of ^4^ sequence which 
also forms a part of tbe A -sequence of Paper I. He ascribed this ^*sequence 
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to a coronal region overlying a siinpot group with intense radio emission in 
metre wave band. The -region associated with Ai sequence lie in the northern 
hemisphere while this sunspot group is situated at a latitude of 18 south. 

Waldmeier (1939, 1946, 1950) has found that in some cases, -regions may 
be identified with the solar C-regions — ^those small areas of the corona associated 
with a brightening of the green coronal line at A = 5303 A — and he has also shown 
that the J/-regions and the f?'-regions have the same statistical properties. Shapely 
and Roberts (1946) have also associated the (7-region with ilf -regions. Trotter 
and Roberts (1952) and Muller (1953) have also reached the same conclusions for 
the current epoch of the sunspot minimum. 

On the other hand, Bell and Glazer have reported nine JlZ-sequences (a to i) 
during the years 1950-53 and associated the Af -storms of these sequences with 

the regions of weak coronal line (A == 5303^) intensities located on the same side 
of the solar equator as the earth. These conclusions were drawn previously by 
Bruzek (1952) and Smith (1952). 

While comparing the Jl/-sequences of Bell and Glazer with our four sequences 
we find that their ilf -sequences (c. / and h) forms the part of our -sequence and 
one of them (a) belongs to our sequence (see Tables TT and TV). Thus it is clear 
that the -sequence is mostly associated with the regions of weak coronal line 
intensities. 

In the recent papers Babcock and Babcock (1955, r/, b) have reported the 
presence of unipolar magnetic (UM) regions over the solar disc and associated one 
of them* with the ilf -sequence and with the regions of weak coronal line (5303) 
intensities (19556). The Af -sequence considered by them forms a part of our 
^-sequence which is also associated with regions of weak 5303 intensities. It 
has further been found that there is only one TTM-region quite active during the 
period 1953 and is situated at a latitude of about 15°N. From our analysis it is 
also clear that there is only one ilf -region (A) which was active during the year 
1953 while the rest (B, Aj^ and Rj) Af -regions have died early in 1953 and further 
this Jlf -region should be situated at a latitude above 7°.2N. Thus one can very 
well conclude that the Jlf -regions which are associated with regions of weak 5303 
intensities may be identified with the Babcock’s UM-regions. To confirm our 
findings we hope to investigate the behaviour of others If -sequences (R, and 
Ri) in regard to their association with UM-regions and wdth the regions of weak 
5303 intensities as soon as the data will be available to us. 

The emission of particles from the Jf-regions is supposed to be associated with 
spicule activity. Rush and Roberts (1954) suggested a mechanism in which they 
considered the cone of the particles to be formed due to the magnetic field of the 

•The author is grateful to Dr. H. W. Babcock for informing him, in advance of the 
dates when this, most prominent, XJM -regions of 1953 crossed the central meridian. 
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sunspot groups. Babcock and Babcock are of the opinion that the ejection of 
the particles from the ilf -regions due to spicule activity is associated with the 
magnetic field of the UM-regioiis, The particles will come out more or less 
radially from these regions, without pronounced collisions, and hence will not be 
strong radio flux generators. As far as the author is aw^are there are not much 
evidences about the Jf-secpiences associated with strong radio emission. How- 
ever, Das and Bhargava (1953) have shown such a possibility by accounting the 
short duration radio noise of Aug. 24 and Aug. 25, 1953 with the Af -storms of 
Naqvi and Bhargava. On the basis of our analysis, we can postulate that this 
short duration radio noise and also the one observed on Aug. 29, 1953 may not 
be associated with A/-region and it needs fui^hen* investigations before one can 
really associate if -regions with radio flux emission. Hence in our opinion the 
UM-regions, unassociated with radio noise, n^y turn out to be identical with tlie 
if-regions which may further be associated With regions of weak 5303 intensities. 
Further evidences, in its support have very reijently been put forward by Simpson, 
Babcock and Babcock (1955). They have associated the UM-regions with changes 
of primary cosmic ray intensities and also with the recurrent geomagnetic storm 
and have proposed a mechanism to account for such peculiar behaviours of UM- 
regions. The unpublished results of an indopendent study of the magnetic maps 
of solar disc (Magnetogram records of H.W. and H.D. Babcock) by Miss Marion 
B. Wood of High Altitude Observatory, Colorado, have recently been brought 
to the notice of the author by Dr. Walter Orr Roberts. They appear to differ 
from our findings of UM-regions. 

In conclusion, we can only say that there is a large probability of identi- 
fying Af -regions with these newly observed UM-regions but the confirmation of 
these results needs further observational data. 
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ABSTRACT The results of some accurate laeasurements of the magnetic suscepti* 
bility of a series of Cr+J* double sulphate, sul])hato-9^1enate and solenate alums in the range 
300°K to 100°K have been discussed in the prose^it paper. Analysis of the moan square 
moments shows the existence of an appreciable contjfibution from Van Vleck’s high frequency 
[)aramagnotism and an orbital contribution to the;. Curio term comparable to the high fre- 
quency term, over and above the spin contribution. The Weiss term due to spin separation 
by the anisotropic crystalline field, is, however, negligibly small in the Cr+^ alums in our 
temperature range. In most of the alums an appreciable temperature dependence of the 

b. f. and Curie term is observed, stimulating the effect of a Weiss term. This temperature 
dependence is reversible and may bo better represented by two sets of h.f. and Curie coefft- 

c, ii'ints, one for upper and the other for the lower range of temperature, and evidently arises 
from the thermal expansion of the ahun lattice and very probably also from the variation 
with temperature in tho proportion of the two coexisting phases of the a, p and y alums or 
the thermal conversion from one -phase to another, and the consequent changes in tho 
(jrystalline electric field acting on the Cr+9 ion. 

Taking the spin orbit coupling to bo not voiy different from the free ion value of 87 cm“i , 
optical absorption and paramagnetic resonance results have been compared with tho magnetic 
susceptibility data and an estimate of the t!ovalency factor and cubic separation of the orbital 
levels made. 


INTRODUCTION 

The magnetic behaviours of chromium alums are apparently Very simple. 
The single crystals of the alums being of the cubic class show no magnetic ani- 
sotropy. The mean susceptibility of the Cr+® alums has been found to obey 
very closely a Curie law of temperature variation (de Haas and Gorter, 1930; 
Serres, 1932), with a value of the magnetic moment very nearly equal to the 
‘*spin only” value, which has made the alums eminently suitable for the produc- 
tion of extremely low temperatures by the method of adiabatic demagnetisation 
(de Klerk, Steen-land and Gorter, 1949). But a limit is set to the low temperature 
obtained, by a small twofold splitting of the spin levels of the Cr+® ion, evidently 
caused by a small departure from cubic symmetry of the crystalline electric 
fields in the alums. This also should cause a slight departure of the susceptibi- 
lity from the Curie law, and a small anisotropy of the Cr+* ion. 
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The Cr alums have been recently the subject of extensive investigations 
by the paramagnetic resonance method (Bleaney tt al, 1961 ), which directly 
gives the value of the spin splittings of the individual Cr^-» ion. But the optical 
absorption spectra do not show any level corresponding to the splitting of the 
orbital levels by the anisotropic field. Also several anomalies and uncertainities 
have been observed at low temperatures in the paramagnetic resonance obser- 
vation, the causes of which are not very clear. The structural data also indicate 
that in some of the alums at least the Cr+® ions are under the influence of a non- 
cubic crystalline electric field due to the surrounding charges and dipoles. 

We have therefore undertaken an extensive series of accurate measurements 
of the susceptibility of a large number of Cr+® alums, between the range 300 °K 
to lOO^K, expecting to throw more light upon these problems, the results of which 
are discussed in the present paper. 

DETAILS OF THE EXPERIMENTAL METHOD 
(a) Preparation of the sample*. 

The chromium alums have the general formula, Cr A(XY4)2, I2H2O, where 
A - K, NH4, Kb, Tl, Cs, NH2OH etc. and (XY4)2 = (804)3, (8004)2 or (SO4) 
(8004). They crystallize commonly in the form of deep violet octahedra and are 
in many cases easily obtainable as large single crystals by the slow evaporation 
of a nearly saturated aqueous solution of the component salts in equimolecular 
proportion. For example, in the case of sulphates and sulphato-selenates the 
corresponding component salts (of analytical quality of Kahlbaum, Merck or 
Malinckrodt) are dissolved in double distilled water, crystallized several times 
to purify them and finally crystallized in a quiet dust free and vibration-proof 
chamber by moderately slow evaporation of the nearly saturated solution, kept 
in flat-bottom crystallizing dishes. The temperature of the chamber is not 
allowed to fluctuate much during crystallization, by suitable lagging of the 
chamber. In several cases the component salts were prepared by ourselves 
using analytical quality of the hydroxides or carbonates of the metals and the 
desired acids. The analytical purity of the final materials were always care- 
fiilly checked. It was found in some cases that while exposed to air for free eva- 
poration for sometime, particularly if the room temperature remained above 
about B 0 °C, as happens during the hot weather, the aqueous solution turned 
green, lio doubt due to formation of complexes by the Cr+® ion, with the anions. 
Even then, in some cases the crystals came out as violet octahedra as usual. But 
in feuch cases there is some likelihood of contamination of the alum by the green 
complex. We have therefore taken precaution not to use crystals out of such 
orops^ We have prevented such occurences in future by putting the dishes 
of the solutions to be crystallized in a vaceum desiccator with a suitable desiccant 
and the whole thing within a double wailed ice-box, in which the temperature 
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may be maintained at 20 ® C by putting in it a suitable amount of ice, replenish- 
ing it as necessary. 

The tendency for the green complex formation in the alums is so marked 
in the sodium sulphate alum, that the solution even from the moment of pre- 
paration was dark green and inspite of many trials became treacly on evapora- 
tion and never crystallized, but dried up into a green conglomerate mass. The 
same tendency is also very marked in the sefenate alums in general and we could 
prepare only two of them (NH 4 and Rb ali|ms) adopting a somewhat different 
technique. About 4.000 grams of Cr(N 03 )j|‘ and 3.582 grms of (NH 4 ) 2 Se 04 (or 
Rb 2 Se 04 as the case may be) are separatelyfdissolved in ice cold double distilled 
water and the two solutions are mixed togeth|br keeping the mixture always below 
r)®C using an ice bath and with constant 8 tir|ing. Precooled acetic acid is added 
drop by drop and the alum is precipitated a| fine shower of violet microcrystals. 
The precipitate is washed with acetone to fr4s it from acetic acid and is again dis- 
solved in double distilled water and repre^ipitated with acetone, all the pro- 
cesses being carried out at low temperature. The purified precipitate is again 
dissolved in ice cold water and left for crystallization in the ice-box controlling 
its temperature below 5®C, with large blocks of ice. Large violet octahedral crys- 
tals thus obtained are once again crystallized in the same manner for use in magne- 
tic measurements. 

The best of the crystals free from distortion and of as nearly possible sym- 
metric shape were chosen from each crop, firstly with a magnifying glass 
and then under a polarising microscope, stored in a dry clean test tube (stopper 
of which is sealed with wax) and indexed. But in several cases where the crystals 
have a tendency to dehydrate, melt or decompose quickly, the samjile on removal 
from the mother liquor and cleaning, is coated with an extremely thin layer of 
collodion or durofix by momentarily dipping it in a dilute solution of these subs- 
tances and immediately used for magnetic measurements. 

(b) Method of Magnetic Measurements 

As we have already mentioned alums being of the cubic class, the magnetic 
measurement consists only in finding the mean susceptibility of the crystals at 
different temperatures. For this reason our information about the magnetic 
behaviour of Cr+* ion derived from such measurements are necessarily more limited, 
than could be obtained from those on crystals of lower than cubic symmetry, e.g 
the hydrated salts of Cu+* and Ni+2 ions (Bose, Mitra and Datta, in course of publ- 
lication). It has been pointed out however, that the effect of the anisotropic 
orystaUine electric field may vary from alum to alum and thus manifest itself 
even in the mean susceptibility (Bose and Mitra, 1952), when refined technique 
of measurement are adopted for a large number of these salts. The mean suscepti 
bility might have been obtained by using the powdered crystals in glass ^ikiuIm, 
but apart from the tediousness of the process of packing of the powder m the 
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ampules, errors are likely to arise due to uncertainity in the density of packing. 
A further drawback is that while finely powdering and packing, most of the crystals, 
which are highly hydrated, are found to loose some water or decompose. So 
we have preferred to use single crystals of suitable size. They are also chosen 
to be of very regular shape to avoid errors due to demagnetizing coefficient, 
A trial with different shapes of crystals not very much departing from an octa- 
hedron or cube, was carried out in this laboratory to observe this effect which 
was found to be not more than 1 part in 1000 even at lOO^'K (Datta, 1954). 
Since the crystals of the alums are isotropic, it is not necessary to set them in the 
field in any preferred direction of orientation. 

A refined Curie balance and a liquid air cryostat are used for the measure- 
ments, firstly to find out accurately the values of the absolute susceptibility of the 
crystals at room temperature (300°K) by comparison with a chrome potassium 
alum crystal standardised against a standard NiClg solution. Magnetic forces 
on the sample, mounted at the end of the horizontal balance arm, placed in a 
vertical magnetic field with a horizontol gradient, is balanced accurately by twist- 
ing the vertical quartz fibre from which the balance beam is suspended. The 
forces at the other constant temperatures down to lOO^K, are then compared with 
that at room temperature, retaining all other conditions e.g. suspension, magnetic- 
field etc, the same as at room temperature. The details of the balance and the 
cryostat, the inethod of measurement and avoiding or correcting the various 
errors, are fully discussed in an earlier paper by the author (1955) and need not be 
repeated here. Some remarks, however, should be made here about the probable 
limits of error in the present measurements and the final treatment of the results 
of observation for the purpose of discussion. 

As is indicated in our earlier paper the overall error in the susceptibility 
measurement at room temperature is about 0.2 % including the unce rtainty 
of temperature measurement and slight differences in the value for different 
crystals, to reduce which the mean value for 3 or 4 such crystals is taken. With 
the fall of temperature the susceptibility increases and the accuracy of measure- 
ment increases. The values at low temperatures relative to that at room tempera- 
ture have even greater accuracy, of about 0.1 %, since all other conditions of the 
experiment remain practically the same, though this is somewhat offset by the 
slightly increased inaccuracy in temperature measurement. There is a chance 
that during a series of measurements a crystal might undergo some permanent 
change physically or chemically. To detect this effect, two series of measure- 
ments with the same crystal in situ were carried out, one going from room tempera- 
ture down to the lowest and the other back again. In case of any irreversible 
changes occurring, two such susceptibility curves would be more or less different. 
We could not observe any such appreciable difference, (except in the case of am- 
monium selenate alum), which shows that in our conditions of measurements 
most of these alums are more or less stable, particularly when most of the time 
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they are kept below room temperature. As we have noted, several of the crystals 
slowly tend to dehydrate or decompose at or above about 300°K, to avoid which 
we had to start low temperature measurement very soon after preparation. Again 
in one or two cases in e.g., K and NH4 sulphate alums, wc had observed slow 
surface dehydration occurring on prolonged exposure to the dry air of the experi- 
mental chamber at liquid air temperature. In the NH4 selenate alum similarly 
a slight melting of the crystal was observed after the run back to the room 
temperature was completed. A coating of opllodion or durofix helped to check 
these. Our entire series of measurements at low temperature were finished before 
appreciable change in susceptibility curve tsould occur. A large number of 
readings, at the interval of 15° to 20°K or e^en closer, where thought necessary 
from a preliminary run, are taken to follow tlfe susceptibility curve very closely, to 
see whether it contained any changes in slopef or any other singularity which may 
be reversible with temperature. This was fo|ind to occur in most of the crystals. 

From the temperature variation measutement of the angle of torsion, say 

i! 

a, of the quartz fibre required to balance toe sample against the magnetic force, 
a graph of a. T against absolute temperature T is prepared, which is a line with 
a small slope against T axis and a small curvature. From this curve intrapolated 
values of a’s may be obtained at 300°K and at other temperatures at 20°K inter- 
val down to 1()0°K. Knowing the susceptibility at 30()°K, the values at other 
temperatures may be calculated from the formula, 

where Xt Xe gram-molecular susceptibilities of the crystal at tem- 

perature T and 300°K respectively, and Fy and are the forces acting on the 
crystal at these temperatures, and kg are the volume susceptibilities of air 
and that of the crystal at 300°K, and y the coefficient of thermal volume ex- 
pansion of the crystal. 

The above method of graphical intrapolation is very sensitive to experimental 
scatter and we have found that all our points for a given crystal lie on a smooth 
curve within the limit of our accuracy of about 0.2%. This method of treating 
the results is also better for our ultimate discussion of the results in terms of the 
squares of the mean effective moments which are very nearly proportional to 
ol.T'b. From the values of the mean gm. molecular susceptibility Xm (after cor- 
recting for diamagnetism of the molecule) thus obtained at different temperatures, 
the square of the mean effective magnetic moment pf^ in Bohr magnetons is 
calculated from the formula. 

... ( 2 ) 

in which the other symbols have the usual meanings. 

♦The latest values of physical constants Ar — 1.38032 X 10-n* ergs, deg'i, .AT =6. 0243 X 
■ 02731 X 10*^® erg* gauss-^ (Dumond and Cohen, 1948) are used. 
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TALBE IX 


TABLE X 


Cra(804):„Rb2(Se0.),24 H...O 0r2(S0,).„C8a(Se04),24 HaO 


Tomi)^K 



Tomp“K 

Y ir y 1 06. 

Pf 

2 

Obs. 

Calc. 


Obs. 

Calc. 

300 

0120 

14.65 

14.60 

300 

0116 

14.67 

14.67 

280 

6041 

14.65 

14.65 

280 

6546 

14.66 

14.65 

260 

7028 

14.61 

14.62 

260 

7037 

14.62 

14.62 

240 

7068 

14.58 

14.58 

240 

7611 

14.61 

14.59 

220 

8276 

14.57 

14.57 

220 

8287 

14.58 

14.57 

200 

0008 

14.55 

14.55 

200 

9104 

14.55 

14.65 

180 

10120 

14.56 

14.56 

180 

10093 

14.52 

14.52 

160 

1 1305 

14.56 

14.56 

160 

11380 

14.55 

14.57 

140 

13010 

14.55 

14.56 

140 

13080 

14.63 

14.63 

120 

16175 

14.55 

14.56 

120 

15250 

14.63 

14.61 

100 

18220 

14.56 

14.56 

100 

18240 

14.59 

14.59 


TABLE XI 

Cra(Se04):,,(NH4)3. (Se04),24 H.O 

TABLE XII 

Cr.a(8e04)3,Kba SoO.).24 H3O 

Temp®K 


Pf" 

Temp^K 

v-_ s/ inii. 

p/2 


Obs. 

Calf. 


Obs. 

Calc. 

300 

6060 

14.51 

14.51 

300 

6141 

14.72 

14.72 

280 

647 

14.51 

14.51 

280 

6570 

14.71 

14.71 

260 

6981 

14.51 

14.51 

260 

7060 

14.70 

14.70 

240 

7563 

14.51 

14.51 

240 

7650 

14.68 

14.68 

220 

8255 

14.51 

14.50 

220 

8339 

14.67 

14.67 

200 

9070 

14.50 

14.50 

200 

9160 

14.66 

14.66 

180 

10075 

14.50 

14.50 

180 

10180 

14.64 

14.65 

160 

11369 

14.55 

14.56 

160 

11440 

14.63 

14.63 

140 

13000 

14.55 

14.55 

140 

13060 

14.62 

14.62 

120 

15166 

14.56 

14.55 





no 

16555 

14.55 

14.55 

120 

16220 

14.60 

14.60 

104 

17060 

14.46 






100 

18064 

14.45 

- 

100 

18260 

14.60 

14.60 
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DISCUSSION OF THE HESULTS 

(1) Variation of the p/ from salt to salt and with temperature. 

It will be seen immediately from the values given in tables, that pf'^ is in 
general appreciably different from the ‘spin only” value of 15 Bohr magnetons 
for Cr+» ion and is also different from salt to salt. The values of pf^ for NH 4 
and T1 sulphate and NH 4 selenate alums are seen to be appreciably smaller than 
the others. It will be seen further that pj^ vc^iues do not obey the Curie law very 
well i.e. are not constant with temperature but go on changing appreciably and 
in a manner characteristic of the given salt. However, certain general features 
may be observed. In Rb and Cs sulphate ax|d Rb selenate alums, the values of 
Pf^ go on falling more or less systematically \i^th temperature; the values become 
practically constant below about UO^'K. Fct Rb sulphato-selenate salt there is 
a small decrease down to about 200°K and tben it is very nearly constant. For 
K sulphate and NH 4 sulphato-selenate the initially falling curves rise up rather 
quickly between about 200°K-160°K, and ^0°K-180°K respectively, and then 
start falling again. In NH 4 and T1 sulphatie and K and Cs sulphato-selenate, 
the value decreases down to about 220-180°K and then rises more or less slowly 
exi^ept for the last salt which shows a fall again below 14()°K. In (NH 2 OH) sul- 
phate, the value, being nearly constant down to about 200 ‘^K, rises down to 140°K 
and then starts falling. In NH 4 selenate alum p/ remains practically constant 
down to 180®K, rises fairly suddenly between this temperatures and 160®K, 
remains about steady and then sharply falls down below 106°K. Thus it will 
be seen that in several of the alums a distinct change in the slope of the curve 
occurs somewhere about the middle of our temperature range, extending over 
about 20-40 degrees, perhaps even more. ^Actually, a similar change in the slope 
was indicated in the Leiden data of <le-Haa 8 and Gorter (1930; see also Dutta 
Roy, 1955) for K sulphate alum e.g. 14.92 at 290®K, 14.88 at 143.6®K and 14.91 
at 77.7°K. Hov ever they did not put any significance to this departure from 
linearity in their curves and smoothed the susceptibility data to accord to the 
formula, 

■p^ = 14.92+ij^-^ (3a) 

On a rigorous analysis of their data it has been found that between 290°K and 
and 14°K these obey the following formula, much better. 

pf = —.00026937’+ 14.91 ••• (3*>) 

It has been already mentioned that the change in the curvature of the pf^ Tt 
curves are generally exactly reversible and reproducible with falling and rising 

*In our earlier paper (Dutta Roy, 1955) all the should be reduced by a factor 
7.995/8.061 owing tt> correction for the latest value of physical constant. 

4 
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temperature, so that they can not be attributed t6 possible changes in the 
structures due to decomposition or dehydration as referred to earlier, except in the 
case of NH4 selonate alum below 110°K. 

To compare our results with the existing theories and to explain the various 
peculiarities observed, it would be better to try to analyse the data with an empiri- 
cal three- constant formula of the form, 

p/ = ... (3c) 

in which the terms are evidently those corresponding to temperature independent, 
Curie and Weiss terms respectively, in susceptibility. The constants A, By C, 
are determined from the experimental data by the method of least squares. It 
was, however, found that though in several alums such a formula would fit reason- 
ably well with experimental values at both the higher and lower sides of the tem- 
perature range, it gave a wide systematic deviation in all the others beyond experi- 
mental errors, from the experimental values in the medium temperature range, 
where singularities are usually observed in the experimental curves. These 
deviations are such that the addition of and terms though improving 

the fit with experimental values would unduly complicate the situation. On 
the other hand, it was found that the observed values on either side of the singu- 
larity might be made to fit very well wdth a simple formula of the type 
•\-By with different values of the constants Bj), (A^y B^). The values of 
p/^ calculated back from these two sets of constants are given in Tables (I — XII) 
side by side with the experimental values for comparison. The horizontal lines 
in the last column indicate the range of applicability of each formula. One or 
two values in the intermediate range not fitting with either formula individually, 
give, however, a farily good fit with a formula with mean A and B values. All 
this evidently means that in this region the A and B values are changing more or 
less continuously (of course reversibly) from one set of values to another as the 
temperature changes. The values of A and B for upper and lower ranges of tem- 
perature for the individual salts are given in Table XIII. 

It will be seen from this table that A^ values are small in all cases, their contri- 
butions to being not more than about 4 % of the total at room temperature, 
falling to less than 2 % near the middle of the range. On passing through this 
region, as A^ changes to Ag, the contribution of this term at the beginning of the 
lower range rises again to about 4 % and then decreases again by about the same 
amount at the bottom of the range in the cases where Aj is found to be positive. 
It is obvious, however, that these values may not be correct to more than about 
10 to 25 % ; particularly in the cases where calculations are made from the varia- 
tions of small and confined to only a few temperatures. J5- values are correct 
to about 0.2 % and contribute the bulk of the moment, about 96 %. The signi- 
ficance of A and the leading term B and its variations in the different temperature 
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ranges and from salt to salt will be discussed more fully in a later section with 
reference to the structure of the alum and the crystalline field theory. 

(b) Structure of the alums. 

All the alums belong to the cubic class of crystals with four molecules in the 
unit cell. Prom the analysis of the structures of the alums (Beevers and Lipson, 
1935; Lipson, 1935;K.lug 1940), it appears tha^t the alums are not strictly isomor- 
phous, and may be divided into three classes at, and y, with reference to the size 
of the monovalent cation and the differences |U the symmetry and orientations of 
the different groups of atoms in the unit c^ll. In all the alums the trivalent 
cation is immediately surrounded by an octahedron of water molecules. In 
the a- class the water octahedron is found to bC slightly distorted along its trigonal 
axis which lies along a body diagonal of th4 unit cell, and the ootahedion axis 
makes a small angle with the (unit cell) cube iixis. In the /ff-class the octahedron 
is found to be perfectly regular (at least in |he Al+3 alums), its axes coinciding 
with the cube axis. About the y-class, of which the only representative is sodium 
sulphate alum, no information is available regarding orientations. Though 
the AI+® alums containing K, NH4, Rb and T1 belong to a-class, and those con- 
taining Cs and NH3CH3 to the /?-clas8 (Beevers and Lipson, 1935; Klug, 1940), 
on changing over to Cr+’‘’ alums both those containing Rb and T1 (aln)ost of similai^ 
ionic radius) go over to the /?-class. Rb seems to grow in both a and /? classes and 
therefore is a link between the two. All these refer to SO4, alums at room tempera- 
perature. 

(c) Crystalline electric fields in the alums. 

Siegert (1936), Van-Vleck (1939), and Broer(1942) have postulated the exis- 
tence of a predominantly cubic field, with a small superimposed trigonal field 
in all the ahims. Though the X-ray structure of the /?-alums seems to indicate 
a regular octahedron of water molecules about the Cr^* ion, the adiabatic de- 
magnetisation, paramagnetic absorption and resonance experiments all indicate 
a small separation of the spin levels and Van-Vleck (1939) has shown that a sepa- 
ration of this order arises with a distortion of the water octahedron by as little as 
cm, which is below the margin of errors in X-ray measurements. Under 
the influence of the cubic field with a positive sign, as exists about the octahe- 
drally coordinated Cr+® ion in the alums (Gk)rter, 1932), the ground 3d® ^Pa/g-state 
of the Cr+® ion splits up into an orbital singlet and two orblt^^is triplets above it 
separated from one another to the order of 10* cm^^. Each triplet under the in- 
fluence of the uniaxial field and spin orbit coupling breaks ^p into two sublevels 
separated to -- 10+® cm~^ and 10+® cm""^. Of the four-fold spin degeneracy, only 
two-fold is removed to 10~® cm"’^ by the asymmetric field and the spin-orbit 
coupling A, the other two-fold being of the Kramers’ type remains unaffected by 
the crystalline field, unless magnetic, exchange or other types of interaction 
'intervene. 
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The principal susceptibilities of the Cr+® are given by Schlapp and Penney 
(1932); Abragam and Pi-yce (1951), Griffith and Owen (1952) as: 




(4) 


in which the splitting factor = 2y(l+4Aa|), is a crystalline field constant used 
by Schlapp and Penney, t denotes either || (parallel) or J_ (perpendicular) to the 
triagonal axis, y = 1.00115 (Owen, 1965) the anomaly factor of the magnetic 
moment of electron (Kiisch o?, 1962). 


X|| == 4A*(a,, — «x). X j_ == — 2AV(aii — <*1 ) 

Then the square of the mean effective moment for the Cr+® ion is obtained as: 
2 _ /Ai, +2A j_ \ 

N^\ 3 ' /’ 


(neglecting the terms of the order ot in which 

“ = I +2aj.), and ... (6) 

= - 3 - (9u *+2^x*) = 47*(14-4Aa)* ... (7) 


The first term in equation (5) is the Curie terms containing the contributions 
from the spin moment and from the orbital moment due to admixture of the upper 
orbital levels with the lowest, through spin-orbit coupling, the second term is the 
high frequency term of Van Vleck (1932) and the third arises from interaction of 
the spin levels with the orbital. 

Equation (5) is equivalent to an experimental three-constant formula (3c) 
if we take: 

A = —464a ... (8) 

... (9) 

0 = ~ 128 f («„ -a_L )* ... (10) 

rC 

and the values of the three unknown quantities A, a and a^ — a in the theoreti- 
cal equation may be found out approximately from the above three equations, 
from the experimental values of .4, S and (7, if the results can be so represented. 



181 


Magnetic Busceptihility of Alums 

We may try to ascertain whether the last term in equation (4) is sufficiently im- 
portant to contribute any experimentally appreciable 0 term. The values of 
A for the free Cr+® ion is -|-87 ciu”^ (Laportc, 1928) and ibis is probably not appre- 
ciably different from that in the solid state as will be discussed later. The value 
of oc/i aj_ could have been accurately known if an anisotropic class of Or"*^ 
salts similarly constituted as the alums could be measured. This being not the 
case we have used the value of an — a , u||)tained from the recent very accurate 
anisotropy measurements on NiSO^, 6H,0:by Datla (1954), which should not 
1)6 very different from that for alums, |n view of the similarity in the Stark 
pattern for Ni"*"" and Cr'*'® ions. The value pf Xjj — a for Ni”* ion, is obtained 
from, I 

to a fairly good degree of approximation (Schlapp and Penney, 1932), in which 
A= — 3f35 cni"^ (Laporte, 192S), K — Kf{ =: H4H x c.g.s.c.m.u. at 300®X 
(Datta- 1954), so that, a n— +24.0x10'*^ 

Since in equation (9) the last term, (a(, )- is inv^olverl, the sign of an — 

will not matter though this is evidently — ve in alums (Van Vleck, 1939). 
The magnitude may also be somewhat different but since the term is small, a rough 
estimate will be enough for our purpose. We then find for Cr*‘ 3, the value of this 
term to be 2.3x10"^ at 300°K and 7.0 X 10“^ at JOO^'K, which is much smaller 
than the magnitude of errors in our experimental values. The Curie temperature 
corresponding to this term in equation (5) is ^ O.OOS'^K which is of about the 
same order of magnitude as .004°K (Leiden, 1949) and .0J1°K (Oxford, 1954) for 
Cr+3 alum found by adiabatic demagnetisation. It is interesting to note that if this 
term has been appreciable compared to other terms in equation (5) in the alums, 
we could have calculated ai|— aj^ the anisotropic field constant frf)m equa- 
tion (10), referring to even the mean square moments. Since we are justified 
in neglecting this term in equation (5) in our temx)erature range, arising from the 
theory in case of Cr+® alums, if from susceptibility measurements a C term be 
still found to exist in the experimental results it must then he ascribed mainly 
to variations in g and a in equation (5) with temperature caused by thermal 
expansion of the alum lattice. This thermal expansion of the lattice directly 
affects very little the octahedron of water molecules immediately surrounding 
and firmly bound to the Cr+^ ion, but may considerably change the posi- 
tions of the atoms outside the octahedron and thus indirectly affect the field 
due to the octahedron appreciably (Van Vleck, 1939; Bose, Mitra and Datta 
unpublished; Bose and Mitra, 1951). Indeed, as has been earlier noted, in the 
present case the thermal variations of g and a are of such a nature that instead of 
using a CjT term, the experimental data have to be represented in two-constant 
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form with different values (^j, ^2) above and below the singularity region 

found to occur more or less continuously between 220°K and 160°K in most 
cases. In three cases one single two-constant formula is found to hold good 
over the entire range showing that the thermal variation of g and a is negligible. 

Using the experimental values of Bj and it is possible to calculate g* and g'\ 
the values of the mean splitting factor g in the two temperature ranges, 
with a high degree of accuracy from equation (9). The high frequency term 
A has been predicted by Van Vieck (1932) to arise from the non-diagonal matrix 
elements of the magnetic moment corresponding to transitions to the upper levels, 
but was neglected in the treatment of Schlapp and Penney (1932), for Cr"^^ ion 
to suit the earlier results of de Hass and Gorter. But we find that in many cases 
this term is quite appreciable, and has a positive sign. This is to be expected 
since in equation (8) a should have a negative sign for octahedrally coordinated 
Cr+* ion (Van Vieck 1932, Gorter, 1932) and its magnitude is not very far from 
that ofNiS04, fiHgO (Mookherji, 1946) namely — 8xl0~^cm. It will be seen 
that in several cases the h.f. term tends to become practically zero or even 
negative, especially on passing to the low temperature region. Though in such 
cases a part of this anomaly may be due to the large errors in estimating this 
term and also, to a small extent the diamagnetic corrections, the major part of 
this must be ascribed to other reasons to be explained in the later sections. 

(d) The, splitting factor g in alums. 

It will be seen that in all the chrome alums the values of g are always less than 
27( =2.0023) in both the high and low temperature ranges. This is always as it 
should be since in the formula g — 2.0023 (l+4Aa), A is positive and a is negative. 
It is to be remarked that in all the cases, except NHgOH alum, g has appreciably 
higher value in the low temperature range, and in two cases, e.g. T1 sulphate anfl 
K sulphato-selenate, it approaches to within about 0.7 % of the spin only value. 
It should be seen that in these last two cases the high frequency term has a nega- 
tive value in the low temperature range which according to (8) should have been 
positive. This negative value then indicates that g value is probably still varying 
with temperature in this range in such a direction as to mask the 4-ve value of 
the high frequency term and which hence may not be the true values independent 
of temperature. Indeed, one should regard with caution the absolute values of 
g and also of the h .f. term in such cases. The anomalous change of g in the NH^OH 
alum, i.e. a decrease in the low temperature region, is also presumably to be as- 
cribed to a similar reason, since the high frequency term in the high temperature 
range is found to be abnormally low and that in the low temperature range is also 
not very accurately determined. The negative and unusally small positive values 
of the high frequency term in several cases e.g. NH4 sulphate, Rb sulphato-sele- 
nate in the low temperature range and NH4 selenate also no doubt suffer from 
similar masking of the term. The genera] increase of g in all other cases on passing 
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from high to low temperature range, is indicative of the fact that ct decreases more 
or less quickly from a' to a' while passing through the intermediate temperature 
range indicated earlier; since it is not probable that A can decrease with tempera- 
tiire. 


TABLE Xm 

Double sulphate series 



K 

NH, 

Kb 

Cs 

TJ 

NHnOH 

XlOt 

1 H . 

.5.0 

10.2 

s.o 

10.0 

0.0 

B, 

14.36 

14.29 

14.49 

14.40 

14.22 

14.68 

9' 

1 . 960 

1.954 

r.96S 

1 . 962 

1 . 952 

1.980 

-ft' X 105 

6.03 

6.8 

4.90 

5.70 

7. 1 

3.45 

in cms. 

(6.0) 

(2.0) 

(1-3) 

(2.7) 

(3.2) 

(0.0) 

AjX Kt-* 

12. T) 

-5.0 

10.2 

S.O 

-15.4 

16.0 

B-i 

14.66 

14.61 

14.49 

14.40 

14.77 

14.65 

f 

1.970 

1.975 

1.968 

1.962 

1.987 

1.978 

--a"X U)5 

3.3 

4.0 

4.90 

5 . 70 

2 2 

3.2 

in cmw. 

(4.0) 

(.Vf») 

(3.3) 

(2.7) 

(-vo) 

5.0) 


(80 4 ) ( 8 oO|) HcricH 



(«<‘0,)., 



K 

NH4 

Rb 

Os 

NH* 

HI) 

A^ X 10+ 

10.2 

12.0 

12.5 

12.5 

1. 1 

6.45 

Bi 

14.r)6 

14.31 

14.30 

14.30 

14.48 

14,53 

{/' 

1 . 973 

1 . 956 

1 . 955 

J . 9.55 

1 . 968 

1 . 970 

— a\ I0-' 
in oms. 

4.2 

(3.3) 

6.60 

(3.9) 

6.75 

(4.0) 

6.75 

(4.0) 

4.90 

(1.2) 

4.60 

(2.4) 

An X 10 + 

-1.7 

10.0 

0.0 

10.0 

0.0 

6.45 

Bn 

J4.80 

14.59 

14.56 

14.49 

14.55 

14.53 


1 . 988 

1 . 974 

J . 973 

J.968 

1 . 972 

1.970 

-a"xl05 
in cms. 

2.85 

(-ve) 

4.02 

(3.2) 

4.2 

(0.0) 

4.9 

(3.2) 

4.33 

(0.0) 

4.60 

(2.4) 


In the few cases, e.g. Rb, Cs sulphates and Rb sclenate no change in g is observed 
over the entire range and the g values are very close to each other showing that 
they not only belong to the same class of alums but the crystalline fields in them 
are also very nearly the same and are practically constant in the entire tempera- 
ture range. Rb and Cs sulphato-selenates though showing a considerable change 
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in g values in passing through the medium temperature range, have g values in 
the low temperature region very c lose to the previous three salts and to K sul- 
phato-selenate and NH4 seleiiate in the high temperature region and hence aU 
these may be supposed to belong to the same class, in the respective range of 
temperatures (I)j. h.? and *1 1 sulphates NH4, Itb and Cs sulphato- 

selenates, all at the high tcni})eratures have distinctly smaller g values than the 
previous salts. The ^’s as also ihe high frequency terms being very similar, these 
alums should have similar crystalline fields (varying similarly with temperature) 
ajid belong to cMms (2). Apparently, K, NH4, NHgOH sulphates, NH4 sulphato- 
sebmate and NH4 selenale have g values at low temperatures very close to each 
other and belong to da/ifi (3), but the high frequency terms in NH4 sulphate and 
selenate are anomalous, and small (changes in g values may have to be made on 
extending the temperature range. T1 sulphate and K sulphato-selenate at low 
temperatures have also negative high frequency terms and the high g values in 
thcun may havci to be similarly even more reduced so that they may also be put 
amongst the last class. NH^jOH sulphate in high temperature range, for a similar 
reason belongs to dafi^ (1). 

It would he worthwhile to (compare our g values with the resonance experi- 
ments in this conneetion. Unfort unately the available data are given to be same 
for all sulphate salts = 1.98 ) .02 (Bleanev, Bagguley and Griffith, 1051) so that 
the margin of error cjovers our observed variations off/. On the other hand, the 
nature of spin splitting from these measurements is apprec5iably different for the 
two classes of alums (Bleaney, 1951), (a) Rb, Os, NH3OH3 alums having spin 
separations 0.165 cm”^. 0.145 cm*^, 0.165 0111“^ at room temperature show only 
very little decrease in tlu‘> sf>liitings which become practically constant below 
90®K, (h) K and NH4 alums have value's iit^ar 0.12 cin”^ and 0.135 cm~^ at room 
temperature, but these splittings change enormously and in a complicated manner 
with temperature, falling to 0.055 cm~^ and 0.035 cm near about 90°K, after 
which some sort of transition ocemrs and the salts consistently show an increased 
double value for the spin splitting about (0.32 em”^ 0.24 cm“^) and (0.27 em~^, 
0.15 cm~^) for NH4 ancl K alums respectively down to 20°K. The salts after 
transition are put in class (c) by Bleaney. The transition phenomena is similar 
to the findings of Kraus and Nutting (1941) from the studies of absorption 
spectra, though the classification of the alums from this and resonance 
measurements do not agree well. 

It will Wibund from-a consideration of our g values that dur class (2) of alums 
having the largest departure of g from spin only value is identical with the class 
(6) of Bleaney (1951) and a class of Klug (1940). Our class (1) having a moderate 
departure of g value from spin only value is the same as the class (a) of Bleaney 
(1951) and /? alums of Klug (1940). Our class (3) to which belong NH4, NHgOH, 
T1 sulphate and K and NH4 sulphate-selenate, NH4 selenate at low temperature 
has the highest value of g. 
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The considerable narrowing of the spin spliting in K and NH^ sulphate A.liimiy 
in the range 300®K and 90®K shows that the anisotropic crystalline field is de- 
creasing very much. The change in the anisotropic field with temperature may 
concievably be accompanied by changes in the average value of the field and 
hence of g as observed by us in these and similar alums. The spin splittings 
change very little in Rb and Cs sulphate alums in which we correspondingly find 
no appreciable change in g. A recent accurate value of gr ( = 1.976±.002) from 
paramagnetic resonance (Bleaney and Boweiti, 1951) not bound in the light refers 
to the K selenate alums diluted to 5 % conc^tration with Al-K selenate alum, 
and the temperature is not given but it seenis to have about the g value as our 
class (1) alums. | 

The double splittings observed by th^. resonance experiments when class 
(2) of alums is cooled below 90°K, i.e. in cla(|S (c) of Bleaney, are probably due to 
coexistence in this region of two crystal phases of different space groups but of 
the same composition and cubic crystal ela^B as the alums. The large changes 
ill spin splittings (Bleaney, 1951) and in values of this class above 90®K i.e. 
our class (2), observed by us as mentioned above are then no doubt precursors 
of the actual transitions to class (c) below this temperature. It is very probable 
that in all cases where we find a change of g value with temperature in our range, 
there is a continuous process of transition from a— or y and phases of the 
alums. Apprently the electric fields are stronger in the and y alums since g 
values tend to increase towards the spin only value owing to greater quenching 
of the orbital moments. Further, during such a progressive change over, without 
change in the space group, taking place through a small rotation of the octahedral 
Cr+^ ionic group, as may quite possibly be due to anisotropic thermal expansion 
of the crystals, the magnetic properties may very well change in a continuous but 
non-linear manner as we observe. The irreversible tranisitions of Bleaney occur 
outside our temperature range, and in some cases do not probably take place 
at all even if it is near the bottom of our temperature range, since owing to 
methods of slow cooling of the specimen, strains set up are never enough to 
shatter our crystals as we observed and supercooling very probably takes place. 
In one case only, that of (NH 4 ) 2 Se 04 alum, a rather sharp and irreversible 
change has been observed in magnetic moment near about 10b°K as will be 
found from the value at the bottom of the temperature range given in Table 
XII. This is more or less in agreement with Kraus and Nutting’s ovservation. 
(c) Galcidation of the spin-orbit coupling constant. 

From the equation ; 

8A — ZkTi ••• (12) 

— SA-SfcTg 

(derived from equation 6, neglecting the terms involving AV, and A»(aii“ax)* 
which are very small) i, c. the ratio of the excess of the over the spin only 
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value at two extreme temperatures, for any given alum, eliminating a, taking to 
to be constant, we may calculate the value of A. In view of (1) the small value 
of the above excess, (2) the uncertainty in the high frequency term due to 
changes in g with temperature in many cases (3) the fact that a is not constant, 
also (4) that in the medium temperature range the temperature variations can 
not be made to fit with the theoretical formula, the calculation of A has to be 
done preferably from the rather limited upper range of temperatures; the value 
of A ^ +100 cm“^ for K, Rb, Cs salts so calculated is to be considered satis- 
factory. 

A slightly better way of calculation is from the g value from which a is ‘eli- 
minated using (Eq. 7), since this gives due weight to all the experimental points 
in the given temperature range. Of course the values g' and a' in the upper 
range should be used here also. A comes out to be between +54 and +120 cm"^ 
for most of the salts, giving a mean value +84 cm“^ as against +87 cm-^ in the 
free ion. The differences between individual salts are due to uncertainties in the 
experimental determination of the g* and a' values, due to reasons already men- 
tioned. 

That A should be more or less the same in the solid state and free ion has been 
verified by the measurement of Krishnan and Bose (1938), Bose, Mitra and Datta 
(unpublished); Bose (1948) for Ni*^^ salts. Owen (1952) and Bleaney (1951) have 
recently shown from theoretical considerations that A should be practically 
the same for the free ion value and in the solid state, though others (Van den 
Handel and Siegert, 1937; Abragam and Pryce, 1951; Griffiths and Owen, 1952) 
have claimed a decrease in A as large as 30-40 % in the solid. It appears from 
these investigations that owing to a partial sharing of the 3d electrons of the 
central paramagnetic ion by the surrounding eight oxygen atoms of the water 
octahedron, both g and the high frequency terms are affected, so that these are 
really given by, 

A = —45 A.a./ 

g ^ 27(1 +4Aa./), 

instead of equations (8) and (7) where / is the ‘covalency factor’. 

Our calculation of A (incidentally of Krishnan and Bose also) is then still valid 
and gives us the actual value of A in the solid state (or for free ion), since what we 
have, eliminated is really the effective value of the field constant, ccf= oc,f inclusive 
of the covalency factor /. The lower value of A obtained by the other authors are 
due to their method of calculation which includes / in the value of A. 

(/) Calcvlation of the effective field constant and covalency factor 

In view of the large errors in the calculation of ocf in many cases directly from 
the high frequency term, particularly in the low temperature region where several 
of these terms are abnormally small or even negative, it would be better to calculate 
them from the g value = 27(1 +4Aa^), where A is known. From what has been 
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said ia the earlier section, the value of A calculated, suffers much from not only 
errors in the A and B terms but also from the variations in the value of ocf due to 
thermal expansion of the lattice and transitions from one phase to another. It 
would be then better to assume A =+87 cm~^, the free ion value in all cases. 
The values of af thus caclulated from g as also from high frequency term, where 
possible, are actually those given as a' and a," in Table XIII. It would be seen for 
all the alums of NH4 sulphate class, the a-cla|Bs, the mean value of a/ is about 6.7 
X 10“® cm, for Rb sulphate class presumablylthe /S-class, the mean value is about 
5.0 X 10"® cm, which are somewhat smaller tl^n the value 8.0 X 10~® cm in NiSO*, 
6H2O. For the last class to which belong K knd NH4 sulphates and several other 
alums at low temperature, the mean value isls.d X 10“® cm. Very probably these 
values are much closer to each other perhan about 6, 6.6, and 6.0 for the three 
classes respectively, in view of large unceftainty in the experimental values; 
and one has to be satisfied only with a quali|ative discussion of the results. The 
values of aj from h.f. terms where possible |k) estimate with sufficient certainty, 
also support this conclusion. ! 

It is known from the theory of Owen (1062) that —1/a and — l/7a (in which 
a is the actual value of the field constant) are the separations of the mean centres 
of the lower and upper orbital triplets respectively, from the lowest singlet in the 
Stark pattern of Cr+* alum. But since the values of a found from our measure- 
ments are the effective ones inclusive of the covalency factor what we obtain from 
these are only the effective separations. It would be worth while to compare these 
separations with the extensive optical absorption data on the Cr+* alums by Kraus 
and Nutting (1941) and on Cr+* chloride solutions by Tsuchida and Kobayashi 
(1938) quoted by Hartmann and Schlafer (1951). Their results differ considerably, 
the former giving near about 15000 cm-» differing by a few hundred cm-^ at most 
from alum to alum, the latter 17600 cm->. as the first absorption level, of which 
evidently the former value is more appropriate to the present discussion on Cr+» 
alums. Our mean effective separations for the three classes of alums correspond- 
ing to above absorption level are roughly about 16600, 18200 and 20(K)0 cm-‘ 
respectively. The ratio of the actual (optical) to effe^ive separation gives us the 
shared Sd electrons of the Cr+a ion spend correspondingly longer fractions of time 
in the o- orbitals (and possibly jt orbitals also) of each of the oxygen atoms of the 
water octahedron for the three classes. The value quoted by Owen for this is 
0.6 calculated from the g value for highly diluted Cr+* selenate alum, 1.976 given 
by resonance method (Bleaney and Bowers, 1961), and Hartmann and Schlafer’s 
value of actual separation for Cr+® chloride solution (which is normally a green 
solution in which the Cr+» complex constitution is surely different from the alums). 
Our values show that in the alums the covalency factor is probably larger than 
estimated by Owen, i.e. the bonds are more ionic. The mean centre of the upper 
level talring these values off comes out to be at about 21000 cm-^ as the mean 
fpr the three classes, but for this, data are not available for 0r+* alums, and for 
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thee hloride solution mentioned the value is 24500 cm-^. The difference from the 
mean value for the individual salts indicate, though qualitatively, the 
difiFerences in “actual” crystalline field in them. The differences arise evidently 
from the variation in the long range structures of the alums, due to replacement 
of one monovalent cation or diavalent anion by others and by the disturbing 
infiuence of the temperature, and their indirect action on the size and shape of 
the (0r+*, 6 HjO) octahedron, according to the theory of Van Vleck (1939). 
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ABSTRACT. The various sources of error in tm prediction of/oE,/oF,,/oF 2 and (3/3000) 
Fa are discussed. It is shown that the deviations if the /oE and medium-latitude foVi pre- 
dictions are to be ascribed to inaccuracy in sunsppi number prediction. The deviations of 
high and low latitude /oFj predictions are to be |iscribed to deviation from * V cos X law, 

Deviations of /oFa and (3/3000) Fa predictioAB are caused by the insufficient knowledge 
of the diurnal and seasonal trends of these param^ders. 

Interpolation errors of / 0 F 2 and (3f3000)F2''are due to incomplete knowledge of the 
geographical distribution of these parameters. Th^ law of geomagnetic cjontrol. on which the 
predictions are based^ is different for different hours of the day. For instance, during equi- 
nox months, the geomagnetic latitude distribution of foY^ values shows a cusp near the geo- 
magnetic equator for hours for which the F -layer is separated into F t and F 2 and a single 
maximum near the geomagnetic equator for hours for which the layer is not so separated. 

It has been found that the inaccuracy in MUF prediction cannot be completely accounted 
for by the inaccuracies of fo and M predictions taken together. 

Study of the day to day disi^ersion of fo ¥ 2 values from their monthly median shows 
that the dispersion is low for low values of the solar zenith angle. No such generalisation 
can, however, be made in the case of the dispersion of (3f3000)F2 values, 

INTRODUCTION 

For efficient maintenance of long distance radio communication it is essen- 
tial that the maximum usable frequency (MUF) between the communicating 
stations at different hours of the day and in (iifferent seasons of the year be 
known well in advance. Ionospheric prediction services have therefore been 
established in the different parts of the world. The foremost amongst these 
are those conducted by (1) the Radio Research Board, England, (2) the Service 
des Previsions lonospheriques Militaires, France, (3) the Central Radio Propaga- 
tion Laboratory, Bureau of Standards, Washington, U.S.A., and (4) the lonos- 
pheric Prediction Service, Australia. 

The ionospheric predictions are based upon the vertical incidence ionospheric 
data collected by the vertical incidence pulse technique mainly from the records 
of A'—/ curves and obtaining therefrom monthly mean or median hourly values 
of the critical frequencies (/o’s) of the various ionospheric regions, and the MUF 

* Commonioated by Prof. S. K. Mitts. 
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factors {M'») for various distances of propagation. For the latter, it has been 
internationally agreed to publish only the factors for 1500kni transmission via 
region E, (Jf i500)E and 3000km via region Fg, (ilfSOOOlFa- 

Unfortunately, the accuracy of these predictions is still far from the desired 
standard. The predicted monthly mean ionospheric parameters are therefore 
constantly checked with their actual values and efforts are being made to increase 
the accuracy of the j)rediction8. The expected range of day-to-day dispersion of 
the values of the parameters from their monthly mean or median is also of interest 
because, long distance transmission at a particular hour is assured only when 
the frequency of transmission is lower than the actual value of the MUF at the 
hour. However, when the median value is predicted, su(^cess for 50% of the 
days is assured. 

In the present- paper the magnitude and the nature of the errors that occur 
in the predictions of /oE, /oFi,/oF. 2 , (il/3000)F2 and MUF will first be assessed. 
The causes that are likely to contribute to these errors will then be discussed. 
Finally, study will be made of the temporal variation in the fluctuation of the daily 
values of the ionospheric parameters from the monthly mean. 


2. RESUME OP THE METHODS OF PREDICTION OF 

MONTHLY MEAN IONOSPHERIC CHARACTERISTICS 

Since long range associations between the variations of ionospheric parameters 
and sunspot numbers are known more or less accurately from past data, the first 
step in the prediction work is to estimate the mean sunspot number for the future 
epoch under consideration. This may be done by the method ofWaldmcir (1944), 
or of Gleissberg (1942, 1949), and is obtained as a mean yearly value centred on 
the epoch. The second step is to predict the mean yearly value of the ionospheric 
parameter for a particular hour (say, noon) from a knowledge of its past 
relatk)n with the mean yearly sunspot number. The mean yearly noon-time 
value being thus determined, the third step is to determine the mean monthly 
noon -time value of the parameter from a knowledge of its seasonal trend obtained 
from past data. Finally, the mean diurnal variation for the particular month is 
obtained either from the knowledge of hourly coefficients for the particular 
month with reference to noon values or by repeating the second and third steps 
for other hours of the day. 

It is evident from the above, that prediction is possible only for stations for 
which past ionospheric records are available. But in actual radio communi- 
cations, it is, more often than not, necessary to make predictions of fo and M 
for places for which there are no ionospheric records. For such cases a knowledge 
of the law of geographical variation of the parameters to be predicted {fo and M) 
is necessary. For regions E and Fj the law of variation is simple and for routine 
prediction, it is assumed that longitude and time can be interchanged for these 
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regions for all places situated in the same latitude. For latitude variation, the 
law is taken as K whore x is the zenith angle of the sun, K is considered 
.constant depending on sunspot number onl}', and the index n is useually taken 
as 0.25. Thus, the predictions of E and F^-region parameters for any place are 
made on the basis of the values of the parameters for any other place. This 
simplified method of predicting E and Fj-r^gion characteristics, however, leads 
to some errors. (The errors involved and tfceir sources have been discussed later 
in this paper). The MUF factor M is cons^ered as constant and is calculated 
once for all for the E-layer height of lOOkn^and F^-layer height of 200km. 

For the Fg region, however, there is coi|8iderable longitude effect as both Jo 
and M vary in a complicated manner with and depend upon A (A is the 
geomagnetic and (}> is the geographic latitiile). Data from a large number of 
stations are therefore, necessary and the vilues at intermediate points can only 
be obtained by interpolation. The curreni practice is therefore to make world 
predictions for Fg-region parameters in thi^e sections of the earth’s surface, 
it being assumed that A—^, and hence th^ longitude effect within each of the 
sections is small. 

The methods adopted by tlie different prediction services for obtaining 
future values of /o and M are almt)st identical for regions E and F^ but differ 
considerably from one anoth(»r for region Fg. We now desc^ribe briefly the methods 
for prediction of Fg region parameters by the different prediction services : 

Radio Research Board (RRB), England : — The mean diurnal variation curve 
for the month of pre^diction is obtained by extrapolating mean hourly values 
of the ionospheric parameters for the same month in previous years, the guiding 
trend in this extrapolation being obtained from the latest available data. Tlie 
(Uirve is then adjusted to allow for the trend of solar activity near the lime of pre- 
diction. The monthly average value so obtained for tmeh hour is then checked 
by finding the corresponding yearly average with this value and those for the 
previous eleven months. For (OTrect prediction, this yearly value must approach 
that obtained from the relation between the yearly average 8unsi)ot number and 
the yearly average ionospheric parameter for a probable value of the former near 
the time of prediction. 

For making world prediction the above procedure is repeated for all the 
stations for which the data are available and with the values so predicted for 
each parameter, contour curves are drawn separately for the three zones: oast 
zone (50‘'E--17(FE), west zone (ISO^W-- I0°W), and intermediate zones (10°W 
-^50°E and 170°E-130°W). 

Central Radio Propagation Laboratory (CRPL), Bureau of Standards, Washing- 
ton, U,S,A , — The annual running average sunspot number expected near the time 
of prediction is first estimated. The monthly median ionospheric parameter for 
different hours is then read off from a nomogram constructed for the month of 
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prediction on the basis of a linear relationship between the sunspot number and 
the ionospheric parameter. 

The procedure is repeated for all world stations for which data are available 
and world prediction is made on three charts as explained in the previous case. 

Service des Previsions lonos'pheriques MiliUiires (8PIM), France . — The 24- 
hour average of the monthly mean (foF^)^ for a given month (denoted by Q) is 
determined from the relation Q = QJU, where Q is the twelve month running 
average value of Q obtained from a long term comparison of Q and mean sunspot 
number R (predicted value). Thus, 

Q mi2+n(where m. = 0.883— 0,(K)833i, n = 64— 0.743i, and i is the 
magnetic inclination), 

J =z QIQ for the given month, 
and U ^ the irregularity factor 4= I 

With the value of Q so obtained, the mean diurnal variation of /oFg is calculated 
from a knowledge of the mean foY^ variation for the same month in the previous 
years. Far (ikf.3000)F2 prediction, a graphical method such as that of the Radio 
Research Board, England, is followed. 

For world prediction a new zonal division has been adopted by this 
organization on the ground that Fg-region characteristics over Asia and Africa 
correspond closely to those of Europe: east zone, lO'^E to 160°E, west zone, 
4()®W to 100®W, and the rest, intermediate zones. 

Ionospheric Prediction Service {IPS) Australia . — A 24-hour mean monthly 
value of the ionospheric parameter is predicted, first, by studying the numerical 



00 02 04 06 ae ID & f4 i6 2D 22 U 

Hours L.HT 

Fig. 1 

differences observed between successive monthly means and, then by comparing 
the variations in ionospheric parameters with variations in mean sunspot numbers^ 
Next, the hourly values which make up the monthly mean of the parameter under 
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consideration are predicted from a family of curves of the same for the particular 
month in all previous years plotted in the same sheet. A diurnal curve is thus 
built up. The mean hourly values from this curve when averaged, should cor- 
respond to the monthly mean already obtained. 

!For world prediction, the same procedure is repeated for all stations for which 
data are available and three charts are prepared as in the case of the RRB and 
the CRPL. 

The predicted mean diurnal variation c^ves for the month of January 1953 
for the station Schwarzenberg, Switzerland ^ obtained by the different methods 
are shown in figure 1, together with the observed curves, for comparison. 

f 

3. COMPARISON OF THE P R|E DICTED VALUES OF 
/oAND M WITH THE VALX|ES OBTAINED FROM 
IONOSPHERIC DATA A n|d ORIGIN OF THE 
DEVIATlIoNS 

To compare the relative accuracy of the predictions by the different methods 
as discussed in the last section we shall draw observed and predicted diurnal 
variation curves of /oE, /oFj^, /oFg and (J/30()0)F2 for stations representative of 
low, intermediate and high latitudes, e.g., Trinidad (10.6®N), Washington (39®N) 
and Oslo (60°N). The sources of error that are common to predictions for all 
the regions are: 

(1) Inaccuracy of sunspot number predictions. 

(2) Approximations made regarding laws of variation of fo with 

(a) solar zenith angle (fo =- K cos^*;^, where x zenith angle of the 

sun, n ~ 0.25 and is a constant for a given value of supspot number) 

and (b) solar radiation intensity (fo = a-f 6/? where Ui znd 'b* are constant 
and R is the mean sunspot number). 

(3) Inaccuracy in the interpolation for different latitudes and longitudes. 

(a) /oE and /oFj 

Figure 2 shows the percentage deviation in noon /oE prediction during the 
period December 1950 to October 1951. It will be seen from the figure that during 
the period considered, the predictions were more accurate in summer than in 
vdnter and less so at high and low latitudes than at intermediate ones. 

Figure 3 compares the observed values of/oPj with those predicted by BR6 
England, for the periods December 1950 and June 1951. It will be seen that in 
the winter months, the region itself was not observed at Washington and at Oslo 
and, during summer months, the deviations from predicted values are greater 
at Oslo and Trinidad than at Washington. 

The sources of these deviations must lie in the deviation of the exponent ft 
from the Chapman value and/or in errors in the prediction of the sunspot numbers. 

6 
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The latter will affect the prediction of the Jo values of all the ionospheric regions, 
and this it should do similarly and to the same degree. 

From what follows it will, however, be seen that for /oE and for the inter- 
mediate latitude /oF^ only, the errors in ionospheric predictions are comparable 
with and are similar to errors in sunspot number predictions. The errors in the 
prediction /oFj for high and low latitudes, are often much greater than what 
errors in sunspot number predictions warrant and are not correlated in any way 
with the same. 



Regarding the law of variation with the solar zenith angle it has been found 
that n deviates from the Chapman value 0.25. Such deviations of n have been 
studied by Harnischmacher (1951), Scott (1952) and Saha (1953). They have 
found that n ranges from 0.26 in winter to 0.30 in summer. Errors due to devia- 
tion of n from the Chapman value would thus affect predictions in such a way 
that the summer values will be more in error than the winter values. For ins- 
tance, for the latitude of Washington, this means that the errors will vary from 
about 3% in winter to as much as 16% in summer. But, it will be seen from 
figure 2 that actually the reverse is the case. The errors have varied from about 
12% in winter to about 3% in summer in the period Dec. 1960- Dec.1951. Devia- 
tion of n from the value 0.25 cannot, therefore, account for the observed error on 
/oE predictions. 
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Regarding the variation of fo with the sunspot number, it has been shown 
by Naismith (1942) that the variation of E-region character figure (/oE)^/co8 x 
is correlated to within 4% with the variation of sunspot number. This means 
that lack of correlation between K and sunspot number does not also account 
for the observed errors in foE predictions. It has, however, been fund that while 
the errors of/oE predictions show no correlation with errors in n or K values, they 
do show a strong correlation withjthe errors tn sunspot number prediction. 




HOURS LM.T ► 

Fig. 3. Comparison of the predicted and observed diurnal variations of/oPj for high, low 
and intermediate latitude stations for December 1960 and June 1961. (a) Trinidad 
(b) Washington (o) Oslo. 

Similar consideration shows that at intermediate latitudes, the errors in 
/oFj predictions, are strongly affected by those in the estimation of the sunspot 
numbers. At low and high latitudes, however, the deviation of /oFj variation 
from cos % law itself is large (figure 3) particularly during periods of high solar 
activity, and the inaccuracy in joE^ prediction in these latitudes is ascribed to 
this cause alone. 

(6) /oPa and ( JfSOOO) F* 

Figure 4 compares the observed values of /oFa and (Jf3000)Fa at Washing- 
ton in June 1950 with those predicted by BRB England. Figure 5 compares 
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the observed values of/oF^ at Trinidad and Oslo with those predicted by CRPL, 
Washington, and the observed values of (Jlf3000)Fj at these places with those 
predicted by the RRB, England for December 1950. It will be seen that the errors 
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in .prediction are quite large and, the percentage differences are often higher 
for the hours at night than those for the daylight. No definite latitudinal varia- 
tion in the errors of prediction of /oFg and (Jlf 3000)F2 observed. 

Predictions of / 0 P 2 values, besides being subject to the errors listed for the 
case of the E and affected by errors due to the complex nature 

of the longitude effect, and, in so far as the pionthly mean values are concerned, 
to the uncertainty regarding the average liiumber of quiet days in the month 
of prediction. Further, error is introduced! due to the lack of homogeneity of 
scaling and interpretation of data from deferent stations during interpolation 
of / 0 F 2 values. i 

We first note that the assumed linear Relation between fo and the sunspot 
number (/oFg = a-^hR) holds only very aj^roximately for the Fa-region, there 
being large scatter round the mean straightfline. This scatter is greater for the 
hour at night than for daylight hours, showfcg that the linearity of the relation 
is less rigorous at night (figure 6). Deviations due to this cause, therefore, make 
the predictions for the hours at night more inaccurate than those at daytime. 



Fig. 6. Running average /oFa vs, running average sunspot numbers for Washington for dif- 
erent hour of the day. It will be seen that the plotted points show more scatter for 
the hours at night (0000,2100) and near sunrise and sunset (0600 and 1800) than 
for tha day light hours (0900, 1200 hrs). 

Also, it is to be noted that for the same value of R, the value of/oFg depends upon 
whether the solar activity is increasing or decreasing (figure 7) and in course 
of the solar cycle the same seasonal variation is not repeated from year to year 
(figure 8) nor is the nature of the diurnal variation curve identical for the same 
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month in different years (figure 7). All these mean that the computed monthly 
coefficients or the extrapolated monthly trends will be inaccuarte. 

Further, the solar activity change of /oFg is not the same for all stations. 
This is proved by the fact that the foF^ vs sunspot number curves do not possess 
the same slope at the same local time at all latitudes (figure 9). Such curves 
are, therefore, to be drawn separately for each station before constructing the 
world chart for/oF^ prediction. 
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rig. 7, Diurnal variation of /oFi for the same month for the same mean value of the 
sunspot number at different phases of the solar activity (e.g. December in 1947 and 
1948 and June in 1946 and 1950). 



Fig. 8. Seasonal variation of midday / 0 P 2 for the years 1947, 1948 and 1950. The lack of 
accord is to be noted. The seasonal minimum occurred in J\me in 1947, in July in 
1950 and Au^t in 1948. 

In the interpolation of /oPj values inside each of the E- W- or I-zones on the 
earth’s surface it is assumed that inside the zone A— ^ is negligible and hence 
longitude and time can be interchanged along the same latitude. But it is found 
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that at certaia stations in the same zone and on nearly the same latitude, the 
shapes of the diurnal variation curves are not at all similar (figure 10). This 
shows that longitude and time cannot always be interchanged for all places 
on the same zone. This is because, the geomagnetic control, which is res- 
ponsible for the longitude effect, is not the same for all hours of the day for any 



Fig, 9. 12 month running average value of midday /oF 2 plotted against 12 months running 
average value of sunspot number for a few stations in low latituted in both the hemls> 
pheres. It will be seen that the variation (as given by the slope) is not the same for 
all the stations. 

particular season. The pronounced equinoxial midday dip in the low latitude 
/oFg distribution with geomagnetic latitude changes gradually to a pronounced 
midnight maximum near the geomagnetic equator showing a complete oscillation 
in 24 hours (figure 11) Appleton 1954; Baral, 1954) 

All the sources of error listed in the case of foV 2 prediction also affect the 
prediction of (Jlf3000)F2 and more so because of the paucity of recorded data for 
this parameter. There is still a great deal of uncertainty in our knowledge of 
the diurnal, seasonal and solar cycle variation of M as also its latitudinal 
variation. The accepted law of variation of M viz., M is high when x 1^ low and 
low when the solar activity is high, does not hold universally, particularly for 
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Fig. 10. Comj)arison of the obse^rved equinox v^alues of fo¥» with the values as predicted 
by the CHPL and HRH methods for two stations in the East zone at nearly the same 
latitude. 



SemtSHeTJC umaoe GeoMSHeTtc uvwde 


Fig* 11* Geomagnetic control of the equinox / 0 F 2 values at different hours of the day. It 
will be noted that near the geomagnetic equator the dip in the midday curve is retained 
for most of the daylight hours. For the hours at night this dip disappears and them 
is a single maximum instead of two. This maximum occurs near the geomagnetip 

' equator. 
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equatorial latitudes. The world variation of 3f cannot also be very simply 
represented either with respect to the geographical or to the geomagnetic 
equator causing difficulty in interpolation. Inaccurate interpolation is also 
caused by the inhomogeneity in the M values obtained from different stations 
using recorders of different sensitivity and scaling records by different methods. 

All the methods of determining M suffer from a common error, namely, 
that due to the factor M being determined from the ordinary ray trace of the 
h' —f curve. It is assumed that this trace is ^affected by the earth’s magnetic 
field, but this is true only for strictly tranfidrerse propagation. The methods 
cease to be accurate when applied to vertical incidence ionospheric data from 
stations far from the geomagnetic equator. fHowever, the effect of the earth’s 
magnetic field can be approximately taken i|ito account in the final MUF cal- 
culation by taking MUF = where ^ is a fraction, and ///, the gyro- 

frequency at the point of reflection (Tremelleii and Cox, 1947). 

(c) MUF ■ 

Errors in the final prediction of the MUF values ovbiously depend on the 
inaccuracy in the predictions of/^ and M, Minnis and Wilkins( 1951) have asigned 
a deviation of 18-20% of the predicted MUF’s from the observed ones. Of this 
deviation, 4-10% is due to /o-error and 4% due to ilf-error, both arising out the 
‘zone error’. The rest has been ascribed to causes such as uncertainty regarding 
the mode of propagation along the great circle path resulting mainly from the 
neglect of the earth’s magnetic field, disregard of abnormal propagation, etc. The 
magnitudes of the errors due to all these causes vary widely and no typical figure 
can be given unless direct oblique incidence observations are made regularly to 
determine them. Unfortunately, the check on MUF prediction can only be based 
upon commercial service data Avhich give only a limited range of frequencies and 
time for study. For instance, these services seldom utilise frequencies as high 
as 30-50 Mc/s which are the common MUF values during high solar activity. 

For transmission distances greater than 4000 kms, the ionosphere at the 
midpoint of the transmission path does not control the MUF. On the other 
hand, the MUF is the lowest of the MUF s predicted from the ionospheric 
characteristics at 2000 km for each end of the path. No examination of the 
ionosphere along the rest of the route is made. The control point method of 
predicting long distance MUF’s is based upon the observed behaviour of commercial 
circuits in terms of conditions near their end points. The reason for this is yet 
to be found out, as the method is entirely empirical. 

Again, for very long distance propagation, it is often found that the major 
arc rather than the minor arc of the great circle path determines the MUF and 
sometimes it is not easy to determine the actual path followed by the wave, e.g. 
the number of hops, etc. 

7 
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It will appear from what has been said about the predicted values of MUP, 
that the product of the values of /<, and M may not always represent the actual 
, value of the MUF. Errors in MUF prediction are sometimes too large to be 
accounted for by errors in the predictions of /q and M taken together (Minnis and 
Wilkins, 1951). 

The MUF on some particular hour may also be entirely at variance with 
the mean value. It is known that the daily values of and M undergo fiuctua- 
tuations about the monthly mean and the probability that successful commu- 
nication may be made on a given frequency may be determined from systematic 
study of these fluctuations. This we proceed to do in the next section for three 
chosen stations, representative of high, low and medium latitudes. It will be 
seen that the amplitudes of the fluctuations vary with season, hour and latitude. 


4. VARIATIONS IN THE SCATTER OF/oANDM VALUES 

The dispersions in the daily fo and M values about the monthly mean have 
been studied from hourly data of the three stations, College (Alaska), Huancayo 
and Washington. As already mentioned, these are chosen to represent high, 
low and medium latitudes stations. The ionospherically quiet days only were 
selected for the analysis. 

For region E there is no appreciable diurnal or seasonal variations in the 
scatter for any station. However, the late afternoon values at low latitude stations 
and the early morning values at high latitude stations show larger scatter than 
the midday value. This seems to be associated with the frequent occurrence of 
E’s. 


For region Fg the amount of scatter of values shows definite seasonal 
and diurnal variations. The measure of the scatter is taken to be 

and is expressed as a percentage {n = number of days chosen, /<, mean value of 
the critical frequency, A/q = deviation from mean). The scatter is least near 
midday and greatest at sunrise and sunset times (figure 12). Study of the 
seasonal variation of the scatter for any given hour shows that it- is least in 
summer months and greatest in equinox months (figure 13). It may be recalled, 
in this connection, that marked peaks occur in equinox months in the annual 
distribution of geomagnetic disturbances (Allen, 1944). 

If we consider the scatter of values for a given hour at different latitudes 
we find that the scatter is less at low than at high latitudes. 

Prom the above we may conclude that the scatter of /o values is small for 
small values of the solar zenith angle. 
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Fig. 12. Diurnal variation of the percentage scatter of daily values of/oF 2 from their monthly 
mean at stations representative of high, low and medium latitudes. It will be noted 
that the scatter is low for low value of solar zenith angle. 



MMHCAVO » •• 


Fig. 13. Seasonal variation of the scatter of mean midday /oFg values at stations represen- 
tative of high, low and intermediate latitudes. The larger scatter during equinox 
months may be noted. 

The dispersion of (Jlf3000)Fj values have also been considered in the light 
of the existing data. Although no dednite variation can be attributed to tibe 
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distribution of the scatter, yet the smoothed curves (figure 14) definitely show 
low values during daytime. The scatter of M values is, however, much less than 



Fig. 14. Diurnal variation in the scatter of {M SOOOlFo values at Washington and Huancayo 
for June and December 1950. As in case of / 0 F 2 (figure 12) the scatter is greatest 
during sunrise and sunset hours. 

the scatter of/^ values. The scatter of MUF values may, therefore, be supposed 
to be predominantly due to the latter. 

6. CONCLUDING REMARKS 

The systematic errors that are found to occur in the predicted values of /q 
and M for the various regions are due to, (1) error in forecasting the sunspot 
numbers, (2) error in the assumed laws of diurnal, seasonal and solar cycle varia- 
tions of the characteristics and (3) errors due to the imperfect knowledge of the 
geographical variation of the characteristics. Accurate sunspot number forecast- 
ing will remove the errors in /qE and medium latitude /qF^ predictions. More 
precise knowledge of diurnal, seasonal and solar cycle variations of the charac- 
teristics will remove most of the errors in the prediction of /^Fi in high and low 
latitudes. /0F2 and (j!I/ 3000 )F 2 . As a determination of an exact law of variation, 
taking all the factors into account has not yet been possible, it is preferable to 
adopt the method of extrapolation of the trends rather than that of computation, 
In the interpolation of/0F2 and M values, one should consider in detail the longi- 
tude effect, viz the different geomagnetic control at different hours of the day 
and the exact shape of the mean diurnal variation curve for any given month at 
the different stations in the same zone of prediction at the same latitude. In 
this connection the recent work of Minnis (1952) in which, it is recommended that 
predictions be made in G.M.T. rather than L.M.T., deserves special mention. 

i‘ It is also emphasised that in the extension of the F2-layer prediction from one 
j‘pls»oe to another for the preparation of the world charts^ the data utilised from 
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existing ionospheric observatories should be made homogeneous. This means 
that the method of reduction and scaling of records as well as the methods of 
predicting the vertical incidence characteristics for all the stations should be 
standardized. New observatories should also be established to make the distri- 
bution of same even throughout the world. For instance, the north Pacific 
regions and most of the southern hemi^here possess the lowest density of 
ionospheric observatories and interpolation if difficult in these regions. 
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ABSTRACT. A general method is given for the calculation of dipole moments of 1, 

2, 3, 4-tetra-sub8titut6d benzenes taking into account the dielectric constant of intemuclear 
space in the field equations as suggested by Frank. The calculated value is given for 1, 2, 

3, 4-tetra-chloro benzene for which the observed value is available and from a comparison 
between the calculated and the observed values it is seen that the agreement will be considerably 
improved when calculations are made using the field equations of Frank instead of the field 
equations of Smallwood and Herzfeld applied for the disubstituted compounds. 

INTRODUCTION 

The dipole moments of disubstituted benzenes are computed by Smallwood 
and Herzfeld (1930) taking into account the induced effects in the substituents; 
the method has led to values in better agreement with the experimental values 
than by the simple vectorial addition of the group moments. The same method 
was extended by Narasimha Rao (1956) for tri-substituted benzene.8, and the 
agreement with the observed values was improved considerably by introducing a 
correction factor (e4-2)/3e, as suggested by Lefevre and Lefevre (1936, 1937) to 
the total induced moment, e being the dielectric constant of the intemuclear 
space. A better approach to the calculation will be by introducing the factor e 
directly in the field equations, as given by Frank (1936). This method is 
adopted in the present paper for calculation, in the case of 1, 2, 3, 4-tetra-subBti- 
tuted benzenes. 


METHOD OF CALCULATION 

The resultant moment of b tetra-substituted benzene is regarded as com- 
prising of (i) the vector sum of the moments of the primary dipoles, (n) the mutual 
induction of the four primary dipoles on one another and (Hi) the moments 
induced in the unsubstituted — CH groups and -C-C bonds. 

Figure 1 represents the positions of the primary dipoles of a 1, 2, 3, 4-substi- 
tuted compound. The distances and various angles may be understood from 
the figure. The notation used is that of Smallwood and Herzfeld. ii, ^ 2 > Is* I4* 
represent the Z-components, and 1/3, Va F-components of the actual 
group moments ^03, and respectively. 

Using the field equations suggested by Frank (1935) which account for the 
dielectric constant of the intemuclear space, the actual group moment of a dipole 
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which differs from that of the experimentally observed mono -substituted compound 
(mj due to the induced effects in the -C-C bonds and in the five unaubstitut d 
-CH groups, can be given by 

wig = i.843wi^ 


y 



The value of e:, as given by Lefevre and Lefevre (1937), is taken as 2.4 in the 
calculation . 

The interaction of the four primary dipoles on one another gives the following 
relations. 


f\+0.1528 f 2 - 0.7939 ri\ - 0.764 f 3-^0.7939 rj\ -- 1 .223 

ly'i ->0.7939 rij -0.764 - 0.7939a.^ ^'3+ 0.1528 -f 0.61 12 ri\ =r= 

^'3+0.1528 61 f'l - 0.7939 Yf\ 0.764 f '4 (-0.7939 7j\ - 1 .223 6, ^'3 = 

^'2-0.7939 61 f 4 -0.764 61 //\ + 0.61 12 61 i/'a +0.7939 63 +0.1528 ri\ = 

f'^_0.764 C2 f 1 - 0.7939 Cg ri\ - 1.223 Cj + 0.1528 f 0.7939 q == ^3 

;y'3-0.7939 Cg + 0.1528 C2 7i\ +0.6112 Cj rj\ +0.7939 c, ^'4 -0.764 c, == g;, 
^4-1.223 - 0.764 ^'.2 + 0.7939 d.^ rj^ + 0.1528 d^ -f (f7939 d^ =^4 

^'4+0.6112 ^3 i\ +0.7939 rfg fa + 0.1528 d^ ^'2 +0.7939 d, f 3 - 0.764 v\^V4 

where 


ajr,* = o, 

a*/ri* = 6i 
= *^1 

* 4 /^ 1 ® 


= «) 
aa/r,» = 6, 

aa/»'2* = c* 

a4/»’8® = 


«,/r,3 = a, 
aa/rj® = 63 
^3/ V ^ C3 

a4/r8» = d; 


«!» ^ 2 , aa, (^ 4 , represent the polarisabilities of the four substituent groups. 

In the above equations for the interaction of the four primary dipoles, the 
fields of the induced moments are also considered since it is written that f = | + 
and 71^ = i/+^i. The numerical values for f and if^ for each dipole can be obtain- 
ed by solving the eight equations. 
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The induced moments by primary dipoles in -C-C bonds and in the remain- 
ing -CH groups at 6, 6 are calculated from Frank’s field equations, using 
the angles and distances in Tables I and TI respectively. 

TABLE I 


Group 


1 

2 

3 

4 

5 

6 

I 

r 

1,3 

2.6 

3.438 

3.438 

2.6 

1.3 


V 

30^ 

30° 

10°64' 

-10°r>4' 

—30° 

o 

© 

CO 

1 


r 

1.3 

2.6 

3.438 

3.438 

2.6 

1.3 

II 


V 

~3(r 

- 30° 

-49°6' 

-70°64' 

-90° 

-90° 


r 

1.3 

2.6 

3.438 

3.438 

2.6 

1.3 

ITT 


V 

-90° 

-90° 

-109°6 

-130°54' 

-150° 

-160° 


r 

1.3 

2.6 

3.438 

3.438 

2.6 

1.3 

IV 


V 

-150° 

-160° 

-169°6' 

169°6' 

150° 

150° 


TABLE IT 


Group 


5 

6 


r 

3.9 

2.25 

I 


V 

-30° 

-60° 


r 

4.5 

3.9 

TI 


V 

-60° 

-90° 


r 

3.9 

4.5 

IIT 


V 

-90° 

-120° 


r 

2.26 

3.9 

IV 


V 

-120° 

-150° 


The total induced effect in the -C-C bonds and the remaining -CH groups is 
obtained as 

S = 0.8257 -0.06432i;'i+0.06343f'a-0.4415i?'2-f0.6794f'3-f 0.4416i;'a 

+0.8267f4+0.06435?'4 

= -0.06432 |'i-0.1382)?'i-0.4416 i'j-fO.SfiSfiiy'a-f 0.4416 ^'sH-0.6936i;'a 

-f 0.0643 

Hence the resultant moment of the molecule is given as 

M = {MI + Ml}i 


... ( 3 ) 
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where 

j|/j,=1.8267if'i— 0.05432^'i+l .0634g'2— 0.4415 j/',-(- 1 .6794^'3+0.4415i/'j+ l.SSSTf', 

4-0.0643v'4 

Jf^= -0.05432|'i4-0.8618^'i-0.4415|'3,+ 1.59369/'3 +0.4415r3+ 1.5936i?'3 

+0.0643^'3-f0.888i;'3 

RESULTS' 

f 

The final result for I, 2, 3, 4 tetra-chloro b^izene, together with the experi- 
mentally observed values, is presented in Table HI. 

i 

TABLE ml 


Compound 

^expt 


^ 

4f' 


M 

ni/f value 

1, 2, 3, 4-Totrachloro 
benzene 

1.90 

1.97 

2.^9 

2.39 

2.70 

1.56 


The value in column is due to Smyth and Lewis (1940). The value 
of nig is also taken from their observations on monochloro benzene. The value 
under ilf^snO) value obtained by calculation from (3). M’ represents 

a value obtained when the dielectric constant of the internuclear space is not 
taken into account in the calculation as done by Smallwood and Herzfeld (1930). 
M" represents the value of the moment obtained by taking (r -f 2/)3r as a cor- 
rection factor in the final value of the induced moment as done by Narasimha 
Rao (1955) in the calculation of tri-substituted benzenes. The value in column 
Mgfg is obtained by simple vectorial addition of tlie group moments. The 
computed value is seen to agree well with the experimental observation when 
the dielectric constant of internuclear space is taken in the field equations, as 
done by this author. 
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ABSTRACT. Following in the main Gutowi^y’s model, a nuclear magnetic resonance 
apparatus has been set up in this laboratory. It includes both Purcell’s double bridge and 
marginal oscillator circuit for the detection of Nuclear reasonance signal. A Bloch head 
arrangement also, has recently been set up. Delailed account of the instrumentation is 
presented. Some records of the signal obtained different techniques are also given. 


INTRODUCTION 

For the detailed study of the structure of solids and liquids and the nature 
of motion existing in them, a nuclear magnetic resonance apparatus is one of 
the most important tool in the hands of physicists and chemists now-a-days. 
The principle of the nuclear resonance experiments, from the classical point of view, 
is the detection of the Larmor precession of the magnetic nuclei about a strong 
magnetic field Due to the dissipation of energy of these magnetic nuclei 
to the surroundings, this Larmor precession would by itself be damped down. 
But by applying an oscillating field with frequency equal to that of the Larmor 
precession, at right angles to the steady magnetic field, the energy transferred to the 
surroundings is continually restored and a ‘‘resonance'* precession of the mag- 
netic nuclei occurs. This processional motion is detected either by the voltage 
it induces in a separate “receiver” coil at right angles to the “transmitting” coil 
producing the r/-magnetic field or by the effect it produces on the transmitting 
coil itself. These two alternative detection techniques termed the “crossed- 
coil” and “single-coil” techniques have also come to be known as the Stanford 
and Harvard techniques respectively; the first mainly developed by Bloch et al 
(1946) and the second by Purcell et al (1948). The sample may also be put 
directly in the inductance arm of an oscillator circuit and whenever there is a 
resonance absorption of energy the voltage level will change in the tank circuit 
which can be amplified and detected. This is the main principle of marginal 
oscillator technique. The quantum mechanical point of view regards the r/-field 
as providing the requisite energy for transitions between successive Zeeman levels 
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in the steady magnetic field, this energy being given by corresponding to 

the Larmor frequency == where y is the magnetogyric ratio ^ , fi and 

/ being respectively the magnetic moment and spin of the nuclei in question. Two 
pictures are thus equivalent. 

The interaction of the nuclei with surrounding nuclei and atomic electrons 
gives rise to splitting, broadening and shift of the 25eeman levels, leading to 
corresponding splitting, broadening and shifts of the resonance line. The measure- 
ment of these effects require very good resolving power and can yield valuable 
information about the molecular and crystal structure of the surrounding lattice 
in which the nuclei are contained as well as the extent of internal motions within 
it. The magnetic dipolar interaction between a nucleus and surrounding nucleus 
is termed * ‘spin-spin interaction”, the order of which is denoted by a parameter 
the spin-spin relaxation time. The interaction between nuclei might fluc- 
tuate due to the thermal motions in the lattice, in which the nuclear system is 
situated, leading to “spin-lattice interaction”. This is taken into account by 
the spin-lattice relaxation time. The different methods developed for mea- 
suring all these parameters have their own advantages, but for work involving 
high resolving power, the r/-bridge technique of Purcell et al is the most conven- 
ient and has been used by most workers interested in chemical investigations. 
An apparatus of this type has been set up in this laboratory, basing on the early 
design of Purcell and his c<illaborator8. Suitable modifications have been made 
for tackling the problem of noise. An autodyne circuit has also been used for the 
continuous and longtime observations of weak signals. This whole apparatus 
is very similar to that of Gutowsky and his colloborators in many aspects. Re- 
cently a Bloch head airangement, primarily set up for spin-echo experiements, 
has also been used for steady experiments. 

This paper deals with the details of the instrumentation and some of the 
observational results. Section I gives a short sketch of classical theory of Bloch 
and the steady state solutions. The conditions have also been stated under 
which the steady state pattern of the nuclear resonance signal can be visualised. 
The theories of measuring relaxation times by different methods have also been 
shortly discussed. Section II deals with a detailed account of the different parts 
of the final set up of the apparatus. Records of performance of the apparatus 
including the magnetic moment of are given in Section Til. 

SECTION I 

A SHORT SKETCH OF THE THEORY INVOLVED 

The classical theory of nuclear induction phenomena, as has been first given 
by Bloch, is as follows: The nuclear magnets contained in the sample is placed 
under the action of a steady magnetic field in the ;s-direotion and a rotating 
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or oscillating radio frequency field in the Xy -plane. The equation of motion 
of tho roacrosoopio inagnetisation of the sample due to nuclear magnets will be 
given by 


•+ * m 


1 

T, 


— yMxlI 


... (1) 


h j} ^ unit vectors along JT, Y and Z direcjtion respectively, y is the 

magnetogyric ratio of the nuclei concerned.^ and are the two relaxation 
times introduced phenomenologically by Bl(^eh to take into account the inter- 
action of the nucleus with other nuclei and dbe surrounding lattice. is called 
the spin-lattice relaxation time and denotes |the time in which the Z-component 
of the nuclear moment vector comes to the.iequilibrium value 1\ is called 

the spin-spin relaxation time and is equal tp the inverse of the line width. It 
measures the local field produced at a particular nucleus, due to neighbouring 
nuclei. If the field inhomogeneity produced !^^over the sample be appreciable then 
Tg is replaced by the total transverse relaxation time. 

The oscillating radio -frequency field along X-direction say, will be equivalent 
to two rotating radio -frequency fields polarised in opposite directions. Depending 
on the sign of y, only one of thest^ will be effective in producing resonance. Thus 
for y positive, clockwise field is effective, and converse is the case for y negative. 


Initially, in the absence of the r/-field, M points in the direction of the Z-field. 
With the switching on of the r/-field there will occur for some time a damped oscib 


latory and a periodic motion of M, In this particular experimental set up, we 

are interested in the steady state motion of M and not in its transient behaviour. 
The steady state solution of Bloch equation is given by 


- _ 

l-4-(T2*Aa.)'' 

where U, V and W are the components of the unit vector parallel to Jf in the 
rotating coordinate system. 

Ao) == yHg^oi 

s=r yHi, where Hi is the amplitude of the r/-field. 



17 = 

V = 

W = 
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The nature of variation of U and V components (the inphase and out-of- 
phase components of the rotating r/-field) are shown in figures (1.1a) and (1.1b). 




Fig. 1.1. Change of U and V with A® 

It can be easily shown that V reaches a maximum at Aw = 0, which is the condi- 
tion of exact resonance. U is zero here but reaches maximum values on the two 
sides of it at 


A 2 

As the amplitude of the r/-field is increased the maximum value of 
V increases continuously to the limit i | ^ j* at 1, and after 

that it starts to decrease. This condition is called the ^‘saturation*' condition. 

In actual experiments the entire shape of the quantities U and V are ob- 
tained by modulating the Z-field at a slow audiorate about the resonance value. 
Under this condition these Bloch solutions do not strictly hold but Bloch has 
shown that when the speed of the modulation is sufficiently slow so that one can 
assume conditions of equilibrium at every stage of passage through resonance, 
then the solutions may be still correct. This is called the “slow adiabatic passage" 
the mathematical condition for which are 


d(Aa)) 

(i)j dt 




1 ^ 
2^1 ^ T * 


d{A^) 


<^1 


1 


... ( 3 ) 


The effects of rotation of the nuclear magnets can be looked at from two points 
of view : (f) they induce by their rotation, an alternating voltage with fre- 
quency equal to the Larmor frequency, in the transmitting coil itself in the Purcell 
experiment, or in another receiving coil as in the Bloch experiment, (ii) or it can 



216 


A NucXexiT Magnetic Resonance Apparatus 

be considered as an absorption of xwwer from the transmitter coil or transfer of 
power to the receiving coil, which appear as induced signals. The power P ab- 
sorbed per unit volume by the sample can be shown to bo equal to 


P = = 


1 + y^H/TiT ^* + 


( 4 ) 


In the Purcell technique which has been followed here, there will be a fall in Q 
of the tuning coil oscillator circuit due to this power absorption and this will 
appear as a voltage signal 


SV= - 


V„Qo heV, 

Q (4/^o)i 


.. (6) 


where 

Vq — value of the V at resonance ] 

Qq— value of Q at resonance 
€ — filling factor 
V — volume of the sample 
P©— power absorbed at resonance 

volume of the impedence at resonance. 


From the shape, size and position of the resonance signal one can determine 
y, Ti and y is obtained from the relation w = yHz-The exact value of the 
steady magnetic field for which resonance occurs, together with a knowledge of 
0 ), will give y. Conversely, if y is known, one can determine the magnetic field 
Hj.. Tg ^he spin-spin relaxation time or the total transverse relaxation time 
has to be determined from the line width measurement, the relations being given 

by 




2 ^/Z 


can be obtained from the saturation condition. 

SECTION II 

AN ACCOUNT OF THE INTRUMENTATION 

Work began in this laboratory following Purcell’s double-bridge arrangement 
for detecting nuclear resonance signal. A block diagram of Purcell’s arrange- 
ment is shown in the figure (2.1). 

ii^-power is fed from a signal generator into a unit containing phase shifting 
arrangement, a r/-double-bridge and a pre-amplifier, the sample coil of the bridge 
being contained in a probe which is placed in the magnetic field. The main 
magnetic field is modulated by two coils of Helmholtz proportions. The signal 
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after amplification by the preamplifier is fed intc a receiver where it is 
further amplified and detected. The detected signal is applied to vertical plates 
ofanoscilloscope, to the horizontal plates of which is fed a voltage in phase with 
the applied modulating field. Power for field modulation is derived from a 
low-frequency sine-wave generator. With low amplitude modulation i.e. with 
modulation amplitude less than the line width, the detected output from the 
receiver is analysed by a “lock-in” amplifier and mixer circuit, the output of 
which will give a derivative of the original signal and it is recorded by a pen- 
recorder. The use of slow sweep circuit avoids the transients which distort the 
line shape. 

This is in short the mechanism of Purcell’s technique. In the original set 
up of the apparatus in this laboratory, Purcell’s arrangement was more or less 
followed. Modifications were made in the use of a preamplifier in the bridge 
box itself and a phase-shifting arrangement for r/-input to the two arms of the 
double bridge done by a transformer instead of coaxial cable of requisite length 
as done by Purcell. 

The main difficulties encountered in the progress of the work can be sum- 
marised as follows: 

(1) Microphonics, 

(2) Electrical noise, 

(3) Field-inhomogeneity problem, 

(4) Field stabilization problem. 

Microphonics were produced mainly by mechanical disturbances. These led to 
vibrations of the bridge components, coils and capacitors, giving rise to corres- 
ponding electrical output, the bridge and the receiver amplifier system acting 
almost like a microphone. So there were regular vibrations of the signal pattern 
on the oscilloscope screen. Initial attempts in eliminating these disturbances 
were made by constructing a rigid platform for holding the bridge box. Micro- 
phonics were reduced somewhat but not eliminated. Then the magnet was 
placed on a sand-bed foundation. Finally the whole equipment was shielded from 
all sides by placing it inside a specially built room constructed of aluminium and 
lined with cellotex and rubber. 

The next important problem was the minimization of electrical noise. 
Purcells’ theoretical analysis shows that the signal-to-noise ratio, apart from 
external noises, depends upon the constants of the detecting arrangement and the 
applied field in the following manner, viz. 


A, ^ V,^l^eNoH,^l^/ T* \ 
An It,/ 


... ( 6 ) 
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Ag and Af^ being the signal and noise amplitudes and 
Fg— volume of the coil 
e -—filling factor of the sample 

number of nuclei in the sample 
value of the steady magnetic field 

Tg*— total transverse relaxation time, gi^n by the relation ^ ^ +yA//, 

T2 


(T 2 representing the natural spin-spin relaxation time and A// the inhomogeneity 
of the field over the sample.) ^ 

^ 1 — spin-lattice relaxation time 
TJ— band width of the receiver. ^ 

Now considering the case where there ispo field inhomogeneity i.e. the entire 
width of the resonance line is due to naturill causes alone, it is evident that one 
can enhance the signal-to-noise ratio n th^ following way. If e be same for a 
certain number cVcNq of nuclei the signal noise ratio is proportional to 
as is changed; so the smaller the coil volume the better, which automatically 
implies a larger filling factor. Secondly, one can work at a higher frequency and 
a corresponding larger value of field viz. Hq. 


In the case where the field inhomogeneity dominates the contribution to 
the line width, the above considerations get modified. From the expression just 

/ y * 

cited, the signal-to-noise ratio is proportional to | ^ | and Tg* reduced from 

the natural value Tg* presence of field inhomogeneity, leading to a conse- 

quent reduction in signal to noise ratio. In such a case, an incre^^se of field 
is likely to contribute to the inhomogeneity linearly and the signal-to-noise 
depends on in the ratio only, as pointed out by Gutowsky (1953). Further, 
increase of sample size is also not likely to enhance the signal -to noise ratio 
as it may lead to greater inhomogeneity and hence smaller Tg*. In such a case 
the best procedure is to go on decreasing the sample volume till the width of the 
signal is as close to the natural width as possible. The signal strength will not 
suffer much, as the loss in signal strength due to the reduction in F^ could be com- 
pensated by the increase in Tg* due to smaller inhoraogeneity. The procedure 
has been followed here by regularly decreasing the sample volume. The results 
will be reported later on. 


The equation (6) gives values of signal-to-noise ratio only if internal 
Johnson and shot noise are reckoned with and there is no pick up of stray external 
noises, In actual practice, as has already been pointed out, the apparatus picks 
up considerable amount of external noises of both electrical and mechanical 
origin and this causes a great decrease in signal-to-noise ratio from that given by 
equation (6). This has been eliminated to a great extent by using a preamplifier 
in the bridge itself and putting the whole equipment in a shielded room. 
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The electrical power input into all the apparatus such as the signal generator 
(G.R. 805C), receiver (Hammerland BC 779B) and the cathode ray oscilloscope 
(DuMont 304A) was fed through isolating transformers with r/-filters at input. 
It was found that the cables pick up considerable amount of electrical distur- 
bance inspite of their shields and of all conceivable grounding arrangements for 
them. The use of preamplifier makes the signal sufficiently strong before being 
put in the cable. 

The procedure that was next followed for increasing the signal to noise ratio 
and for obtaining bettor resolutions of signal line, was to increase the homogeneity 
of the magnetic field over the sample volume. The smaller magnet was found 
to be inconvenient to bo further plane-polished. So a big magnet with pole dia- 
meter 12" and separation 2" with a double yoke was designed and constructed. 
The signal pattern obtained with this magnet is shown in figure (2.28) Due to 



•AMMEUR 


Fig. 2.1. Block diagram of Purcoll bridge arrangement. 


better homogeniety, wiggle patterns appear even with 26 cycle field modulation. 
The patterns appear whenever there is violation of Bloch’s slow passage condition 
and greater homogeneity over the sample. As these transient patterns sometimes 
create difficulties in actual measurements of line shap>e, these are to be avoided 
and steady pattern restored. This was done by using a slow sweep modulation 
of the field so that slow passage condition was always maintained. The rate of 

passage can be determined from the relationo* T,* < 1/2, where o = y | ^ | . 

Moreover, this arrangement has the advantage of supressing noise by limiting 
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the ultimate band width of the detecting arrangement and hence it is very 
useful in observing weak signals, as in solids. 

One of the most ba£9ing difficulty that was encountered in the progress of the 
work is the field stabilization problem. The electromagnets had to be run from 
D. C. power source. Initially, current from D. C. line was used directly. But 
as the current was not at all stabilized, the field became fluctuating and conse- 
quently the pattern moved to-and-fro in a m^st irregular way. As the big mag- 
net has an internal resistance of 20 ohms and i^equires 1 amp. for 1000 gauss, elec- 
tronic stabilization is a somewhat difficult pi^cblem. High voltage and low cur- 
rent stabilization is more accessible than loW voltage high current stabilization 
problem. So, power was derived from battei^es. Initially, alkali cells were used 
but they were later discarded, because of thei^ rapid rate of fall, (0.0006 amp/min 
at 3 amp. rate of discharge). The use of acidlstorage cells (260 A.H. — ^heavy duty 
track battery) improved the situation considerably. The rate of fall of these 
batteries is 0.0002 amp/min at 4 amp. rate i>f discharge. 

The detailed description of different components is summarised as follows: 

Signal Generator: The signal generator employed is a General Radio 806- C. 
Its maximum output is 2.0 volts, but 4.0 vdlts is obtained if the terminatedprobe 
provided with the instrument is replaced by a cable taking the power directly 
to the bridge unit. The frequency range is from 50 Kc/s to 60 Mc/s, which covered 
all the required range. The frequency is adjustable by 0.01% by means of a 
smaller dial. 

The electrical noise pick-up of this apparatus is considerable. The trans- 
mitter that has been set up for Bloch’s arrangement is shown in^ figure (2,2)* 



Pig. 2.2. R F Transmitter with Bloch’s arrangement. 

Here the master oscillator of 1 Mc/s is used to control the frequency and the harmo- 
nics of it is taken and amplified and again the frequency is multiplied by two and 
amplified and finally amplified by a 829B push-pull amplifier. S29B tube was 
used for the large pulse power that is required for spin-echo experiments. The 
2 
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amplified r/- voltage is fed to the transmitting coil by a coupling link as shown 
in figure (2.3). Necessary shielding arrangements have been made to prevent 


Fig. 2.3. Inducting coupling link. 

the receiver from the direct pick-up from the transmitter. The transmitter has 
a high frequency stability and docs not inject electrical noise. 

Magnet : As mentioned before, earlier experiments were carried out with 
a small magnet with pole faces vertical to the pole diameter being V and the pole- 
gap being adjustable. The magnet gave a field of about 1100 gauss per ampere, 
the dependence on current being linear upto about 6 amperes. The magnet had 
a yoke only on the lower side. At the best position there was an inhomogeniety 





Fig. 2.4. Plan of tho big magnet. Bottom shows tho elevation* 
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of about 0.6 gauss per cm. at 3600 gauss. The modulating coils were wound on 
a pair of brass rings which were fixed rigidly to the pole-faces. The separation 
between the two was about 1 ' and each contained about 500 turns of enamelled 
SWG 30 copper wire. The modulating field was measured both by the voltage 
mduced in a pick-up coil and also by monitoring the magnet current to move 
the signal from one end of the sweep to the other; the field was found to be about 
3.6 gauss per 100 mA. The magnetic field wits measured at different values of 
the magnetising circuit and compared with crystal measurements, using Krishnan’s 
theory. The big magnet is shown in plan in jfigure (2.4) and after assembly in 
figure (2.5). The pole-pieces are of cast steej having very low carbon content, 
each O'long and 12" in diameter, with face^ horizontal, the distance between 



Fig. 2.5. Assembly of the big magnet. 

the two being adjustable from 2" to 4" by moving the upper pole-piece, but work 
is mainly done with minimum separation i.e. 2". The yoke is rectangular — of 
9126 16'' X 20" and about 5" thick. It is also of low carbon content but of cheaper 
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material than the pole pieces. The magnet has been cast by the Bhartia Electric 
Steel Co. and pole faces were worked to a parallelism correct to 1/20,000" over 
the entire pole-gap by Mr. G. C. Mondal of the Institute. The magnet gives a 
field of about 1000 gauss per ampere at 2" pole separation and the dependence 
of field on the magnetising current has been tested to be linear up to 10 amperes. 
The coils for either pole-piece are built of 3 cakes, each of 667 turns of SWG 12 
enamelled D.C.C. copper wire. They were fabricated by the Associated Electri- 
cal Industries (India) Ltd. 

The modulating field is produced by a pair of coils of Helmholtz proportions 
fixed to the probe. The formers are of perspex with a diameter of 3" and separa- 
tion of about 1 .6". About 15 turns of enamelled SWG 30" wire has been employed. 
That the modulating field itself does not produce much inhomogeneity has been 
tested by observing that the signal width remains sensibly constant for different 
values of the modulating field. 

The measurement of the field contour has been done by both audio mixer 
record and slow sweep record of actual signal width with glycerine sample whose 
natural width is almost 6 milli gauss. The results of these measurements are 
discussed in the next section. The inhomogeneity has been found to be 25 milli- 
gauss at 3500 gauss i.e. 1 in 1.4x10® over the central region of the pole faces. 
The measurements of field contours at different vertical planes show that the pole 
faces are plane-parallel. 

The Bf-hridge Unit: The next component of the apparatus is a composite 
unit incorporating the r/-transformer, Purcell’s bridge and a r/-preamplifier. The 
bridge and the preamplifier are contained in a brass box of dimensions 8"x4" 
X3 " with wall thickness 3/16". It is divided into three equal sections along the 
length. In the two extreme sections the condensers of the two arms of the bridge 
are incorporated. In the middle section is placed the preamplifier unit, the power 
to which is fed through a twin coaxial cable from the power supply of the receiver; 
cable also serves the purpose of transmitting the amplified signal to the receiver. 



Fig. 2.6. Purcell’s double bridge arrangements. 


The transformer is enclosed in a separate brass box of length and breadth 
4" and 2" respeotive.y and height about X ^ with wall thickness about 1/16". 
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This box is fixed on the top of the main box and its output is led through two 
holes in the lid of the box to the two arms of the bridge. The circuit diagrams 
for the r/-transformer and Purcell bridge are shown in figure (2.6). The r/-trans- 
former consists of an untuned primary and tuned secondary. The inductances 
of the primary and secondary are respectively O.l/ih and IJ/ih, the turns ratio 
being 1:8. The secondary has a ^-factor of 105 at 7.9 Mc/s. The out-puts at the 
two arms of the secondary are equalised by the variable air condejiser variable 
from 5 to 30 /i/if, Ci and C 2 are fixed ceraniic condensers of 100 fi/tf and is a 
fixed ceramic condenser about The ratio of the input voltage at the pri- 

mary and output at the secondary terminals is about 1:3. The two arms of the 
^/-bridge circuit are nearly identical as far a| the inductance and capacities invol- 
ved are concerned. > 

The inductance part is contained inside t^o probes — one dummy and the other 
for holding the sample. Details of them ^e discussed later on. The outputs 
of the two arms of the bridge is led to the 2' poles, 1 and 2, of 3-pole 3-way band 
switch. This band-switch can either feed the two outputs of the two arms indivi- 
dually or together into the grid of 6AK5 preamplifier tube. 

The preamplifier consists of two sections shown in figure (2.7). The last 
section is incorporated in the bridge and second section in a small brass box at 
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Fig. 2.7. Circuit diagram of the preamplifier. 

the end of the Hammerland receiver. The preamplifier is of low noise design and 
has nearly a constant amplification factor, over a band of frequency of 2 Mc/s. 
The output of the plate of the preamplifier is led out through one conductor of the 
shielded twin cable which also carries the plate voltage from the receiver power 
supply. The other conductor of the cable feeds the filament of the 6AK5 tube. 
The amplified signal is taken through a condenser from the plate to the antenna 
terminal of the Hammerland receiver. 

The Probe Arrangement: 

There are two probes attached to the two arms of the bridge one for holding 
the sample and the other containing dummy coil. The probe system used in ini- 
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tial experiments is shown in figure (2.8). The length of the sample probe which 
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Fig. 2.8. Diagram of tho old probe arrangomonts. 


is introduced in the magnetic field is 20" while that of the dummy probe is about 
6". These are made up of brass. The coil former is made up of glass. 

Specifications for the r/-eoil8 used in the two bridges are as follows: 

5.7 3fe/s WfiH 
14 Mc/s 

With the progress of work it was felt necessary to reduce the sample volume 
in order to diminish the field inhomogeneity. The subsequent sample holder 
was made up of perspex, a diagram of which is shown in the figure (2.9). The 
volume of tho sample was then 0.1 c.c. Gradually it was diminished upto 9 mm®. 
In order to increase the filling factor immersion type r/-coils were used. The 
r/-coils being put directly inside the sample hole. All these procedures did not 
diminish the signal amplitude to any marked extent. So the only conclusion 
is that loss in signal amplitude due to smaller volume of the sample is compen- 
sated by the gain due to smaller field inhomogeneity over the sample volume. 

The sample holder was then made of the plug-in type so that it might easily 
be detachable from the bridge. A diagram is shown in figure (2.10). A brass 
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Fig, 2,9. Perspex sample holder. (Top). Fig. 2.10. Detachable sample holder (Bottom). 




A Nuclear Magnetic Resonance Apparatus 226 

cap was used to cover up the mouth of the container. Strangely enough it was 
found that the cap produces a large amount of inhomogeneity so that the wiggle 
pattern vanished and a broad signal was observed. This led to the idea that there 
might be some magnetic impurity in the material of the brass used. A chemical 
analysis showed the presence of .l%of Fe — somewhat greater than the imported 
brass usually have. So to eliminate the possibility of any inhomogeneity being 
produced by the magnetic impurity, the probe inside the magnet was constructed 
of pure electrolytic copper. 

Receiver: The receiver used for Purcfll’s bridge arrangement is a Ham- 
merland BC779B. It has a maximum gain |tt the second detector stage of about 
10® at the frequencies used. The tuning J of the receiver is not very stable and 
needs adjustment very often when the minium band- width is used. The out- 
put to the oscillo- scope is taken directly ^om the 2nd detec^tor stage, as the 
audioamplifier stages distorts the signal Ishape. The receiver used for Bloch 
arrangement has a band width oflOOKc/s iat 14 Mc/s. It is superheterodyne 
receiver having inter- mediate frequency of 5 Mc/s. The receiver has a low noise 
figure and has a maxi- mum amplification of 10^. 

Oscilloscope: The oscilloscope is a DuMont 3()4A. Its special feature is the 
D.C. amplifier in the F-plate circuit which can amplify signal voltages as low as 
O.l volt without any distortion in the signal shape. There is provision for ampli- 
fication of the input voltage to the X-plate also. A linear sweep circuit is also 
provided which can give frequencies of sweep as low as 2 cycles /sec. By the use 
of an external condenser the external sweep can be reduced upto 0.5 c.p.s. which 
is being used here during the slow sweep modulation circuit. 

26-Cycle generator: A 25 cycle generator is used to provide power for audio 
modulation of the field. 25 cycle being a sub-harmoniC of the mains frequency 
(50 cycles) the spurious mains noises are being avoided. The use of smaller fre- 
quency has been preferred in this laboratory due to these reasons: 

First, the use of higher frequency will make the wiggle and other transients 
more prominent thus vitiating the signal shape measurements. 

Secondly, the use of smaller frequency will make the signal amplitude stronger 
as the moment vector will then have more time between successive passages 
through resonance. 

Thirdly, the use of higher frequency produces other spurious effects like 
eddy current, the removal of which is difficult and troublesome. 

The circuit (figure (2.11) is based mainly on the design of the 30 cycle gene- 
rator used by Bloembergen et ah The only difference lies in the use of 26-cycle 
twin-T filters instead of 30-cycle filters. The circuit consists of four stages, the 
first stage is a multivibrator which oscillates locked at half the mains frequency 
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i.e. 26 cycles. These multivibrator pulses are filtered to sinusoidal shapes by the 
use of two successive tuned amplifiers with twin-T null net works tuned to 25 



Fig. 2.11. 25-^Greiiorator. 


cycles, between the plate and grid of each, so that only sinusoidal 25 cycle Fourier 
component of the multivibrator pulses is amplified selectively. The 25 cycle 
sinusoidal voltage is fed into the last push-pull stage to get good output power 
and the output current is taken from the secondary of the output trans- 
former. Voltage from the point A is taken out through a phase shifter circuit 
to the X-plates of the oscilloscope for large amplitude modulation and also to 
suppressor grids of the mixer tubes in the lock-in amplifier circuit. 

There are a few points to be mentioned regarding the operation of the cir- 
cuit. First, the wiring had to the carefully done in order to prevent direct leakage 
of the multivibrator pulse to the final push-pull amplifier stage. Secondly, the 
twin T filter network gives better performance when used somewhat asymmetii- 
cally i.e. its resistance value of one arm some what different from the specified 
value. The characteristics of this network is shown in figure (2.12). It has 
also been found that the amplifier using the filter network has a tendency of break- 
ing into self oscillations if the regeneration feedback becomes large. So to get 
maximum gain, the feedback has to be adjusted just below the oscillation level. 
Thirdly, the output transformer has to be properly designed so as to work efficiently 
without distortion at the low frequency of 25 oyoles/sec. 
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Phase-shifter Circuit: The circuit diagram is shown in figure (2.13). It 
is necessary to synchronise the phase of the input voltage to the Z-plates of the 
oscilloscope with the signal voltage on the F-plates; (the latter follows the phase 
of the modulating current), otherwise the signal on the oscilloscope splits into 



Fig. 2.12. Characteristic curve of twin T network. 



ourpar 


two as shown in figure (2,14). The circuit consists of an audio amplifier em- 
ploying 6V6 tube which amplifies the output from the 25-cycle generator and a 

3 
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ItC phase shifting arrangement. The phase can be controlled by varying the 
resistance of the variable potentiometer. The audio amplifier is used to get suffi- 
•.ient output of 25 cycle voltage required for the mixer circuit. 


iMg. 2.14. Sf>litting of the > signal (H in glyoerme) due to phase difleronct*. 

The '"Lock-in'' amplifier and Mixer circuit: 

Two such circuits have been set up here on employing valve-mixing (figure 
(2.15) and the other transformer mixing figure (2.16) properties. The basic 
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Fig. 2.16. Valve mixer circuit. 

principle of this method of detection is as follows: If the Z-field is modulated by 
a 25-cycle sinusoidal wave having amplitude equal to a small fraction of the line 
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width then a 25 cycle sinusoidal output will be obtained as shown in figure (2.17), 
proportional to the slope of the signal at the point where the d.c. field is maintained. 


mu7 



now the d.c. field is slowly varied, the amplitude of the 25 cycle output will 
give a curve as shown in figure (2.18). So a circuit has to be devised whichjgives 




Fig. 2.17. 25'*^ small amplitude modulation of the Fig. 2.18. Derivation curve of the 

signal. absorption signal. 

sufficient d.c. output proportional to the amplitude and phase of the above 25 
cycles output. The distance between the two maxima of the derivative curve 
will give the line width directly. 
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The '‘lock-in’' amplifier circuits have been constructed to serve the above 
purpose. The mixer (jonsists of three stages — amplifier stage, mixer stage and 
d.c. amplifier stage. In the valve mixer circuit, two 6SJ7 tubes in push-pull 
arrangement, with beat voltage to the supressor grid and signal voltage fed 
to the two control grids in opposite phases, gives the d.c. output proportional to 
the amplitude of the signal voltage. This d.c. voltage output is then fed into a 
d.c. amplifier which drives the pen of the Esterline Angus recorder. There is 
a long time-constant integrating R.C. network after the mixer part which averages 
the output signal and thereby eliminates most of the noise fluctuation. 

In order to make the circuit behaviour more stable and to get a wide range 
of linearity, a transformer mixer has recently been set up. A comparative study 
of the two mixer circuits is made in Table I. 

Slow-sweep Circuit : The circuit used to obtain a linear modulating current 
for the modulating coils with a minimum sweep frequency 0.5 e.p.s is shown in 
figure (2.19). The sweep voltage occurring at the terminals of the external capa- 
citors of 8 mfd., that must be connected to the DuMont model 304A scope, is 
applied to a cathode follower stage which is one half of the 6SN7 tube. A stage 
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Fig. 2.19, Slow sweep cirouit. 

of d.c, ampliflcation is provided by the other half of the6SN7 tube. This is followed 
by an EL37 tube acting as a cathode follower driving two EL37 tubes, in parallel 
which provide the requisite output current. The value of the output current is 
adjustable by the resistance chain in the cathodes of the power amplifier stages. 
Out-put of the order of 100 mA can easily be obtained with this arrangement. 
Records of actual signal shapes obtained with slow sweep technique are shown 
in figure (2.20). Th transients have been completely avoided and the signal to 
noise ratio has also considerably increased. 

Low frequency function Generator: This is a Hewlett Packerd model 202A. 
It gives output of sinusoidal, triangular and square waves, over a frequency range 
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of .01 to 1200 cycles. The output of this circuit is fed directly to the slow sweep 
circuit which gives the required current output for modulating the magnetic field. 



Fig. 2.20. H' signal (in glycerine sample) obtained with slow sweep technique* 

Thus 2-field modulation of a wide frequency range can be done with this arrange- 
ment. 

D.C. amplifier for driving pen-recorder with the signal output obtained by a slow 
variation of the D,C, field: 

This circuit is employed to record the signal shape by varying the magnetic 
field 83nichronously with a pen recorder as described aliove. The dircuit diagram 
is shown in figure (2.21). It consists essentially of two successive difference ampli- 
fier stages. At the first stage, the difference between the rectified signal voltage 




Esferhne 

An^ut 

J mA 
Recorder 

Zero 


-m V0ir$ 


Fig. 2.21. Circuit diagram of the D.C. amplifier. 

from the receiver and a standard reference voltage is amplified and fed to the 
grid of another difference amplifier stage. The output current from the cathodes 



232 A. Saha, B. Barter jee, T. Das, D. Roy, S. Ohosh Roy, T. Ohose 

of this last difference amplifier stage is recorded on the Esterline Angus recording 
milliammeter. 

Heli 2 )ot arrangement for varying the magnetic field: 

In order to vary the magnetic field synchronously with the pen recorder for 
audio mixer record, a helipot is run by the motor of the pen recorder itself. The 
helipot has a resistance of 5()K and consists of 15 turns of helically wound wire. 
The potential tapped from a dry battery changes as the helipot is varied. This 
voltage variation is then put to the input of the slow-sweep circuit which feeds 
the requisite current to a separate pair of coils over the modulating coils. 

Marginal Oscillator Circuit: There are two main disadvantages of the bridge 
circuit — first, the bridge balance does not remain steady for a long time and there 
is a continual change of V mode to U mode. So for a long time scanning, the pen- 
recorder recorders of derivative of the signal shape give an erroneous result, and 
the inter- pretation of the data becomes difficult. Secondly, the electrical noise 
from the signal generator makes the signal to noise ratio poorer with the bridge 
arrangement. The marginal oscillator circuit records only absorption signal 
and also dispenses with the signal generator. The first built for this 
purpose is a very simple one employing a simple 6AK5 tube. The circuit 
diagram is shown in figure (2.22). The sample is placed in the inductance part 



of the oscillator itself. The oscillator is a modified Colpitt’s circuit. The design 
is similar to that of Hopkins with some modifications. The output is taken directly 
from the plate to the antenna of the receiver which further amplifies th"? signal. 
This is then displayed on the oscilloscope screen. Signals obtained with this cir- 
cuit are shown in figure (2.23). The operation point has to be cirtically set in 
order to obtain maximum signal-to-noise ratio. 

In order to avoid the use of the receiver, a new marginal oscillator employ- 
ing a pre-amplifier and audio-amplifier is now being set up. 
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Further a Wangle t 3 rpe of spectrometer for quadrupolar work using the 
autodyne technique is now under construction. 



Fig. 2,23 H' signal in glycerine with the autodyne detector 

Cryostat Arrangement: For the study of relaxation times at low temperature, 
a cryostat giving a temperature upto liquid air temperature has been set up in 
this laboratory. The design is shown in figure (2.24). It essentially consists 



of two parts — one part containing the sample, r/-coil, thermocouple and the heater 
element, and the other the Dewar vessel part. Care has been taken to minimise 
loss of heat as far as possible. The Dewar vessel part consists of an inner double- 
walled glass vessel containing the liquid air and an outer double- walled vessel 
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to shield the whole arrangement. Liquid air is poured into the vessel through 
one funnel at the extreme corner. A copper disc with a small copper rod is sealed 
by araldite cement to the other end of the Dewar vessel. The small copper rod is 
attached to the sample holder made up of fluon over which r/-coil is wound. A 
thermocouple element and wire which can be heated up by passing current through 
it are introduced within the sample. By controlling the current in the heater 
coil the temperature inside the sample can be conveniently controlled. Arrange- 
ments for automatic recording of the temperature on the signal record chart by 
a double pen recorder is now being made. 

The Bloch Head : 

The BJocjh head of our arrangement is somewhat like that of Protector and 
Yu*s. The transmitting and the receiving coils are housed in a copper box of 
dimension 3^" xli\ A block diagram is given in the figure (2.25). The 



transmitter coils are would in Helmholtz proportion on two perspex rods, made 
hollow partially . One of them is held fixed by screwing itself to one wall of the 
box and the other fixed to the opposite wall having some play for the side way 
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movement. In between the two sections of the transmitting coil is placed the 
receiving coil wound on a perspex cylinder placed at right angles to the former. 
Inside the cylinder the sample is placed. Through the fixed section of the trans- 
mitting coil holder passes a small threaded perspex rod eccentrically, carrying a 
small copper disc of 3/16'^ diameter, at its end for the fine V-mode control. For 
the U-mode control the transmitter coil is series resonated with two condensers 
(mentioned earlier) at its ends, so that the r/- voltage at the centre of the trans- 
mitting coil can be brought near the earth potential and the voltage induced in 
the receiving coil due to capacitative coupling is minimised to a large extent. 
By this arrangement we have achieved a volti^e reduction of the order of 1 in 
10®. Two coils in the Helmholtz proportion^ were placed over the Bloch head 
for the modulation of the steady field. j 



Fig. 2.26. Assembly of the whole apparatus. 


Assembly of the Apparatus: The whole ajsaembly is shown in figure (2.26). 
The most important points to remember are that all parts of the apparatus must 

4 
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be properly shielded, they must have a common ground and all connections must 
be made with shielfied coaxial cables of the shortest possible lengths, to avoid 
stray noise pick up. To avoid microphonics and electrical noise pick ups, as men. 
tioned before, the entire apparatus is being shielded by keeping it inside a room 
with aluminium walls lined with cellotex and with rubber and aluminium flooring. 


8 E C T I O N IV 

R E C t) K D 8 OF THE W O K K I N (i ON THE A T T A H A T U S 

Photograplis of signals oVjtained with the smaller magnet are shown in figure 
(2.27), Preliminary experiments were done with this magnet for calibrating the 
steady field of the nagnet and for standardising the fluxmeter and other measuring 



iMg« 2.27* H’ signal In FeNOa solution in water with the smaller magnet. 


instruments. The line width is determined wholly by the inhomOgeneity and 
there is no wiggle. 
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With the new magnet the wiggles become very })r()minent even at 25 cycle 
modulation as shown in figure (2.28). Wiggles were avoidcnl by the slow sweep 



Fig. 2 . 28 . H' signal in glycorina ohta.in(*<l witli tlia now magnot. 

Wiggles are vary promoiiant. 

and audio mixer techniques, photographs of the records of which arc shown in 
figure (2.29) and (2.30). The inhomogeneity at different points of the pole face 



Fig. 2.29. Slow sweep signal of F in trifluorobenzene. (Dispersion signal). 
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area was measured by the audio mixer technique as follows: The magnetic field 
was kept slightly above the resonance value and the mixer circuit was run on. 
The field was continuously decreased at a very slow rate and the mixer traced 
the derivative curve as the field crossed the resonance value. Now the frequency 



Fig. 2.30. Derivative signal of H' in glycerine obtained with look-in amplifier circuit. 


of the Signal generator was tuned down by .02%; when the field value again satis- 
fied the resonance condition ». = yff , there will be another tracing of the deri- 
vative curve. So the interval between the two curves is directly caUbrated in 
terms of frequency i.e., in terms of field. The line width i.e. the distance between 
the two peaks of a derivative curve, can then be easily measured. Some records 
of these readings are shown in figure (2.31). 

Records of signals obtained with the autodyne technique and the Bloch 
technique are shown in figures (2.23) and (2.32). Two oases of. Bloch signals are 
given— one with r/.leakage voltage greater than the signal voltage and the other 
with smaller leakage voltage. 

^ Magnetic moment of has been measured by this instrument using a sample 
which can be obtained in the liquid state at room temperature. Current, rather 
the voltage across the standard resistance in the main current circuit, can be 
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Fig. Z.Z\: Derivative sign..! of H' in glycerine obtained with 0.02 % frequency 
charge at IMo/e. 



Fig. 2.32 (a). H' signal in glycerine obtained in the Bloch’s arrangement. 
Rf-leakage smaUer.than the signal voltage. 
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accurately determined upto sixth decimal place with the help of vernier potentio- 
meter. From the ratio of two currents required for ceirtering the proton and 




f V 











Fig. 2.32 (b). H' signal in glycerine obtained with Bloch’s arrangement 
Rf-leakage greater than the signal voltage. 


fluorine signals in the oscilloscope screen, the ratio of magnetic moments can be 
accurately determined and hence y for fluorine can be calculated, provided y for 
is known. The value of uncorrected for diamagnetic and second oroer 
paramagnetic effect, was found to be 2.6117 in case of benzo-trifluoride. 


CONCLUSION 

Instrumentation of the steady technique is now complete for systematic study 
of relaxation time and nature of motions existing in solids and liquids. The condi- 
tion of homogeneity of magnetic field is not so stringent for this class of experi- 
ments. For Jd-coupling experiments, homogeneity of the order of 1 milligauss is 
required which is 10 times more than what has been achieved as yet. Attempts 
are now being made to reach this limit by using two highly polished auxiliary 
lie pieces and a sample i^ilhner arrangement. One disadvantage of the magnet 
set up herO) is that the pole pieces are horizontal and therefore not easily approach- 
able by hand. So required polishing cannot be done. For this purpose auxiliary 
pole pieces that are detachable from the main pole pieces are now being set up. 
The sample spinner is an arrangement where the sample rotates at a high speed 
inside the magnetic field, thus averaging the inhomogeneity over the sample 



A Nucl&iT Magnetic Htsonancz Apparatus 241 

area. Bloch and others have reached a limit of .01 milligauss in 7000 gauss by 
this technique. 

A comparative study of the different methods of measuring relaxation times — 
steady and transient— will be done by the authors in the near future. 
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Plate V 

ABSTRACT. The depondenco of the structure of crystals of para- dichlorobenzene on 
temj)eratur€» has been investigated by taking Debye-Scherrer photographs at different tem- 
peratures. It has been observed that the structure of the crystal is triclinio when the poly 
crystalline mass is kept at 40°C without ever allowing it to cool down below 40®C and this 
structure is identical with that reported by Jeffi*ey and McVeagh (1955) for the single crystal 
at The transformation from triclinic to monoclinic system is observed to take place when 

the crystal at 40°0 is cooled down to 28*^0. It is pointed out that as the low frequency Kaman 
lines do not undergo any change with the change of structure these lines are not connected 
with the lattice. It has been further observed that in place of the two spacings 1.882 A.U. 
and 1.839 A.U, of the crystal at the room temperature, only one spacing 1.870 A.U. is shown 
by the crystal at — ISO^C and that the two spacings 4.282 A.U. and 3.542 A.U. of the crystal 
at room temperature increase respectively to 4.333 A.U. and 3.616 A.U. at — 180°C, which 
indicates a slight increase in the length of the edge b of the unit cell at — 180‘'O. It is pointed 
out that this may he duo to reorientation of the molecules at low temperatures and that the 
sharpening of the ultraviolet absorption bands observed by Swamy (1953) and the increase in 
the frequencies and number of the Raman lines observed by Kay (1951) with lowering of tem- 
perature of the crystal, may be c.onnocted with this reorientation of the molecules at low tem- 
jieratures. 


INTRODUCTION 

The crystal structure of para-dichlorobenzene was first determined by Hen- 
dricks (1933) who observed that at the room temperature the crystal belongs to 
the space group with a = 14.83 A.U., b = 4.10 A.U., c = 5.88A.U. and y 
= 112® 30'. Here c-axis was the axis of two-fold rotation. The structure was 
reinvestigated by Biia and Scatturin (1951), Croatto, Bezzi and Bua (1952) who 
also got the same results with slight modification in the dimensions of the unit 
cell, the values given by them being a = 14.80 A.U., b == 6.78 A.U.c = 3.99 
A.U., fi == 113°. It was observed by Vuks (1936) that the low frequency lines 
in the Raman spectra of the crystals of p-dichlorobenzene undergo a change in 
position with the change of temperature of the crystal jErom about 40°0 to about 
32°C and an attempt was made by Sirkar and Qupta (1937) to find out whether 

*Oommunioated by Prof. S. 0. Sirkar. 


242 



Crysidl Stmcture of Para Dickhrobertzene, etc. 243 

the liftue pattern of the crystal changes with the change of temperature mention- 
ed above. They could not detect any change in the Laue pattern with 
this change of temperature. 

The Raman spectra of the crystals at different temperatures were reinvesti- 
gated by Ray (1961) who observed that the ititensities and positions of the low 
frequency lines do not change when the temperature of the crystal is changed 
from 46*'C to 28°C but when the crystal is <feice cooled to -180°C and brought 
back to room temperature the number of the low frequency lines increases and 
changes in their frequencies also take place. TJie frequencies of these lines change 
again when the substance is cooled to — 18()®C, and kept at that temperature. 
It is not known whether any change in the strjaicture takes place with the change 
of temperature mentioned above. It has beeh recently reported by Jeffrey and 
MeVeagh (1955) that the lattice of the single crystal changes from monoclinic to 
triclinic when the temperature of the crystal? is raised to above 40°C and they 
called the monoclinic and triclinic forms the a- and /6f-form8 of the crystal respec- 
tively. They reported that ►a transformation takes place only when the 
/?-form is cooled below 0°C. They got single crystals of both the forms by 
sublimation of the substance at about 40°C and allowing the sublimate to 
crystallise on a cooler surface. 

It is not known, however, whether the fi-form predominates the polycrystal- 
line mass obtained by melting the substance and cooling it to about 40®C, and in 
case such a predominance of the y^-form actually exists whetht^r /i— >a transforma- 
tion takes place with gradual lowering of the temperature to room temperature. 
It was therefore thought worthwhile to study the Debye-Scherrer patterns of the 
p-dichlorobenzene crystals under all the conditions mentioned above in order 
to find out whether any change in the spacings takes place with these changes of 
temperature of a polycrystalline mass of the substance obtained from the melt. 

EXPEKXMENTAL 

Pure para-dichlorobenzene was melted and was allowed to solidify and cool 
down to the particular temperature at which the Debye-Scherrer pattern was to 
be photographed. As the substance is extremely volatile powdered sample was 
prepared by packing it in a narrow cellophane paper tube of diameter about Imrn 
and length about 1 cm. Different samples were prepared under the following 
conditions: 

(a) The melt was solidified in a glass tube immersed in a hot water bath 
kept at about 40® C and was transferred to a heating chamber maintained at 40° C. 
The sample was powdered in a mortar kept in the same heating chamber for a 
long time and the cellophane paper tube was filled with the powdered substance 
inside the heating chamber. The sample was then transferred to a test tube kept 
in a hot v/ater bath maintained at 40°C . The Debye-Scherrer camera was heated 


6 
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to ma.intj>.in the temperature near its axis at 40°C and the sample was quickly 
transferred to its position in the camera from the test tube. 

(b) The melt was solidified in a glass tube and allowed to cool down to the 
room temperature. Then it was powdered and a tube was filled with the powder. 

(c) The melt was solidified in a glass tube and allowed to cool down once 
below 0®C. It was brought back to the room temperature and a cylindrical speci- 
men was prepared in the same way as in the case of the specimen at the room 
temperature. 

(d) The sample obtained by solidifying the molten mass was powdered and 
the specimen was prepared by packing the powder in a glass tube of diameter 
about 0.8 mm. The specimen was placed in its position in the low temperature 
camera which is described below and a diagram of which is given in figure 1. The 



C — Specimen, W — Oylindrioal camera, B — ^Base, S — Slit, D — Dewar flask, 

L — ^liquid oxygen, F — filter. 

camera was provided with an outlet tube for pumping out air from the region in- 
side the camera. Liquid oxygen came out of the nozzle at the bottom of the pyrex 
Dewar vessel D as a very narrow stream formed just above the specimen. But 
the jet was so narrow that it evaporated almost immediately. The specimen 
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was thereby cooled to about — 180°C but only a weak pattern due to liquid oxygen 
was observed. 

(e) The Dewar vessel containing liquid oxygen fitted to the low temperature 
camera was removed and the specimen of the powdered crystal irradiated at low 
temperature was allowed to attain the room temperature. The camera was loaded 
again and another Debye-Scherrer pattern of the same specimen at room tempera* 
ture was photographed. 

A Seifert X-ray tube running at 26 ma, 32KV was used to photograph the 
patterns. An exposure of about hrs was ^ough to get the patterns recorded 
with moderate densities. The total angular di'tergence of the X-ray beam incident 
on the specimen was about 2® but the rings(were very sharp because the total 
diameter of the cylindrical specimen exchidii^g cellophane paper tube was about 
J mm. The X-ray tube was provided with alcopper target and a nickel filter was 
used to cut off the Kfi lines. Two cylindricai cameras were used. The distance 
from the specimen to the film was measured accurately by recording the Debye- 
Scherrer pattern of rocksalt. For the smaller camera the distance was 2.920 cms 
and for the low temperature camera it was t5.20 cms. Several photographs 
under the same conditions were taken for each specimen to verify genuineness 
of the results. Spacings were calculated from the diameters of the rings which 
could be measured correct to about 0.1 mm. 

RESULTS AND DISCUSSION 

The spacings calculated from the Debye-Scherrer rings obtained under the dif- 
ferent conditions mentioned above, are given in Table I in which the spacings 
calculated from the structure reported by Bua and Scatturin (1951) and also 
those for the triclinic structure reported by Jeffrey and McVeagh (1955) are also 
included in the first and the last column respectively for comparison. The inten- 
sities are indicated as very strong (vs), strong (s), medium (m), weak (w) and very 
weak (vw). Some of the representative photographs of the Debye-Scherrer pat- 
terns are reproduced in Plate V. 

It can be seen from Table I that the spacings ob8erve<l for the specimen kept 
at 40° C as described above under (a) agree with those calculated for the tricli- 
nic structure reported by Jeffrey and McVeagh (1955). The spacings, of course, 
are very near to those observed for the monoclinic structure at room temperature 
(28® C), but' the difference between the two structures is indicated by the complete 
absence of the spacings 3.68 A.U., 2.802 A.U. in the case of triclinic structure at 
40°C. It is quite clear from the patterns reproduced in Plate V that the two spac- 
ings 1.882 A.U. and 1.839 A.U. observed in the case of monoclinic structure are 
replaced by only one spacing 1.869 A.U. in the case of triclinic structure. Simi- 
larly for the spacing 2.240 A.U, in the case of monoclinic structure two spacings 
2.345 A.U. and 2.195 A.U. are observed in the triclinic structure# So it is conolu- 
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ded that the structure of the polycrystalline mass at 40®C is identical with that 
of the /?-form reported by Jeffrey and McVeagh (1966) in the case of the single 
crystal at the same temperature. 

TABLE I 


Spacings in A.U. of crystals of para-dichlorobenzene 



Cooled 

Cooled 



below 0°C 

to ~180°C 


From the data at 28“C 

and 

at - ISO'^C and 

at 40®C From the data 

of Bua and Scat- 

brought 

brought 

of Jeffrey and 

turin (1951) 

back to 

back to 

McVeagh (196Q) 

28®C 

32®C 


Planes Spacings 



Spacings Planes 


100 

13.62 








200 

6.81 






6.759 

100 

010 

6.78 






5.950 

010 

no 

6.321 








300 

4.540 








210 

4.408 

4.384(s) 

4.384(s) 

4.407(m) 

4.442(8) 

4.342(8) 

4.364 

no 

001 

3.673 






3.931 

001 

310 

3.572 

3 . 680(vs) 

3.580(v8) 

3.621(m) 

3.680(s) 

3.637(8) 

3.643 

lOl 

400 

3.406 















3.379 

200 

2ll 

3.265 

3.253(8) 

3.253(8) 

3,229(m) 

3.326(8) 




101 

3.243 








on 

3.099 

3.129(w) 

3.129(w) 

(masked in 

3.232(w) 

3.247(8) 

3.233 

on 





liquid oxy- 





410 

2.935 

2.941(m) 

2.941(m) 

gen halo.) 

3.022(m) 

> 3.172(vw) 3.193 

101 

020 

2.890 





2.961(w) 

2.975 

020 

111 

2.828 






2.880 

210 

120 

2.828 

2.802(m) 

2.802(m) 

2.834(m) 




201 

2.807 








500 

2.724 





2.758(w) 

2.769 • 

111 

220 

2.661 






2.676 

120 

211 

2.525 








510 

2.465 








301 

2.429 




2.420(vw) 


2.390 

201 

021 

2.272 





2.845(w) 

2.336 

021 


2e270 
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Debye* SherrcT Pattcras of p-dichlorobenzenc. 

(a) Spec imen at 40*^0 ( Radius of Camera-'2‘90. cms ). 

(b) Specimen at 28°C ( Radius of (’amcra-^ 5-20. cms ). 

(c) Specimen cooled below O'C and brought back to 2H’ C 
[ Radius of the Camera - 5*2 cms ]. 

(d) Specimen at— 180'C. [ Radius of the Camera~i5*2 cms 

(e) Specimen cooled to— 1 SOX and brought back to 32' C. 
[ Radius of the Camera ==6*2 cms ]. 


PLATE V 



Ctystoi Strwtwe of Para DicMorohenzenie^ etc. 
TABLE I (contd.) 

Spftcmgfl in A*U. of cry^ols of pftp&-dLiohlorob6iizeii6 


From the data 
of Bua and Soat- 
turin (1961) 

at 28^0 

Ooobd 
below 0°C 
and 

brought 
back to 
28^0 

at -180*G 

ii 

Coo Wed 
to -- 180^*0 
1 and 
brought 
! back to 
i 82‘>C 

at 40°C 

From the data 
of Jeffrey 
McVeagh (1966) 

■ 

Planes Spacings ^ 

— 


Spacings 

Planes 

311 

2.263 

2.240(w) 

2.240(w) 

2.229(w)| 

r2.2fi2(w) 


2.253 

300 

420 

2.204 




1 

2.195(w) 

2.182 

220 

121 

2.168 



1 



2.178 

211 

401 

2.118 



1 

i 

2.123(w) 


2.126 

121 

610 

2.113 



i 




221 

2.098 

2.08e<w) 

2.086(w) 

2.087(w) ^ 

2.079(w) 

2.074 

310 

411 

1.989 






1.983 

030 








1.966 

002 

030 

1.927 




1.923(w) 


1.923 

130 

130 

1.907 

1.882(w) 

1882(w) 






501 

1.866 



l.870(w) 

1.876(w) 




710 

1.846 

1.89»(w) 

1.839(w) 



1.869(w) 

1.849 

012 

002 

1.836 






1.338 

30^1 

330 

1.774 




1.772(w) 





It can be seen from Table I that the spacings of the crystals for the two speei- 
mens (b) and (c) agree completely with the spacings catenlated for the monoelkiie 
structure reported by Bna and Scatturm (1961). Powders of sm^ orystab also 
gave the same results. So, no change m structure takes place wbh iib» lowering 
of the temperature of the crystal below O^C and vaasiag it again to 28^C. The 
actual volumes of the unit cell at 28°C and at 40°C have been caloulatfed and the 
values are found to be 316.2 X 10~** c.c. and 160.3 X 10-*^ c.c. respectively. It b 
seen that the volume at 40^C b almost half of that at 28^C. If we remember that 
the value of a in the triclinic system b just half that in the monodinic system 
and take a cell w it h 2a a8> the primitive translatioa along o^xb in the ease 
of triclinie system, we see that no remarkable contmction of volume takes place 
wfth, the change from the triclinic to the monodinic system^ the actual oontsac* 
tion being only 2%. 

It has been reported by Jeffrey and McVeaghi (1966)' that the transiticir frem 
wt form cannot take place unless the crystal b cooled' below b fimod 
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in the present investigation, however, that in order to bring about the transforma- 
tion it is not necessary to cool the crystal below 0°C, and the triclinic form changes 
to monoclinie form even when the cryst^,! at 40°Cis gradually cooled .down .tQ the 
room temperature (28°C). When the specimen is cooled below 0°C and again 
brought back to 28°C no further (change in the structure of the crystal takes 
place. 

It has been reported by Sirkar and Gux)ta (1936) and Ray (1951) that no 
changes in the number and positions of the low frequency Raman lines take place 
when the temperature of the crystal is changed from about 45‘^C to about 28°C. 
As mentioned above it has been found that the spacings actually change with 
change of temperature. So, this change in the structure does not bring about 

any change in the low frequency Raman lines. 

The Raman spectrum in the low frequency region undergoes a slight change 
when the crystal is once cooled below 0°C and brought to about 28°C (Sirkar and 
Gupta, 1936). But it. is observed in the present investigation that no change 
in the structure takes place after the crystal is subjected to this treatment. So, 
the observed changes in the Raman spectra are not connected with the structure of 
of the crystal at all. 

It can be seen from Table I that the spacings obtained for the crystal at 

— 180°C agree fairly well for the crystal at room temperature. The first two 
spacings, however, are slightly larger than those for the crystal at 28°C and also 
in the place of the two spacings 1.882 A.U. and 1.839 A.U. observed in the latter 
case, only one spacing 1.87 A.U. is observed in the case of the crystal at — 180°C. 
The results indicate a slight increase in the length of the edge h of the unit cell at 

— 180°C. This increase is caused probably by reorientation of the molecules in . 
unit cell at low temperatures. The correc^tness of this hypothesis can be tested 
only by taking the rotation photograph about 6-axis at —180°C and an attempt 
is being made to test this hypothesis. Such a rotation in the molecules may 
be due to formation of new virtual bonds which may be responsible for the sharpen- 
ing of ultraviolet absorption bands observed by Swamy (1953) and for the increase 
in the frequency-shifts of Raman lined observed by Ray (1951) with the lowering 
of temperature of the crystal to — 180°C. 

The data entered in column 6 indicate that such a change persists when the 
crystal is brought back to 32®C from — 18®C. But due to the thermal expansion 
of the crystal the distance between the molecules increases slightly resulting in 
. the increase of the dimensions of the unit cell. This explains why the spacings 
observed in the case of the crystal brought back to 32°C from --180°C are 
slightly larger than those for the untreated crystal at 28®C. These changes in 
the distances between molecules probably accounts for the changes in the fre- 
quencies of the Raman lines observed by Ray (1951) with the change in the 
ttoiperature from — 180®C to 32®C. 
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DEPENDENCE OF LIMIT OF RESOLUTION ON BACK- 
GROUND INTENSITY. DETECTING INSTRUMENT AND 
STAGE OF RESOLUTION IN X-RAY SPECTRA. 

D. C. PURKAYASTHA 

DErENCB Science Laboratory, Ministry or Defence, New Delhi 
{Received for publicxition January 20, 1956) 

ABSTRACT. Ditchbum has suggested that a combination of stage of resolution desired 
and the detecting instrument is characterized by C, the ratio of the minimum to maximum 
of resultant intensity pattern of two spectral lines, for optimum resolution. If A; is the ratio 
of background intensity to the intensity of two-X-ray spectral lines of half width 6, the limit 
of resolution is given by 

AXr = b r {5Aj( 1-C)~60+ 8}+ ^{3fe(l~C)-204-8}2 --32ol 

L 2[C^k(\-C)) ~ J 

A table giving the values of bf bj^Xr for various values of k and C has been constructed. 


INTRODUCTION 

Sodha (1964) has discussed the effect of background intensity on the resolv- 
ing power of optical instruments. He has also discussed the case when the instru- 
mental width is negligible, the intensity distribution being governed by Doppler 
effect. His discussion is based on the Rayleigh criterion for resolution of spectral 
lines. 

Ditchburn (1930) has emphasized the fact that the resolving power also depends 
on the detecting instrument and the stage of resolution desired. A given combi- 
nation of detecting instrument and stage of resolution is characterized by the value 
C of ^winl^max Optimum resolution of two spectral lines, wYiere 
denote the minimum and maximum of the resultant intensity pattern. Ditchburn 
has given the following values of C for three main stages of resolution when micro- 


photometer is used as a detecting instrument. 

Stage of resolution C 

(i) Detection of inhomogeneity in radiation 0.98 

(ii) Partial resolution (approximate measurement 

of wavelength separation) 0.8 

(iii) Complete measurement (measurement of wave 

length separation and relative intensities) 0.4 


Sharma and Sodha (1954) and Mitra (1964) have discussed the dependence 
of resolving power of prism, grating, reflecting echelon, Fabry-Perot etalon and 
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Lumnier Gehrcke plate C. Sodha (1954a) has also discussed the case when the 
lines have an intensity dis- tribution, governed by Doppler effect. 

In this paper the author has discussed the effect of background intensity, 
detecting instrument and the stage of resolution desired on the limit of resolution 
of two X-ray spectral lines. An explicit expression for the limit of resolution has 
been obtained in terms of half-width, C and k the ratio of background intensity 
to the intensity of the spectral line. 


INTENSITY CONSIDERATIONS 

; 

The intensity distribution of an X-ray ii5)ectral line is best represented by 
Hoyt (1932) 


^ i+{(A— >^)/6p 

where b is the half- width of the line. The intensity distribution of another 
line of equal intensity separated by AA is 

/ — ^0 

2 i+((Ai:a,::'’aa)/6}2 

If the background intensity is kl^ the resultant intensity pattern of the two 
lines is given by 




( 1 ) 


Neglecting shrinkage effect the intensity maxima (a: o or a) and minimum 
(x = §) are given by 

1 


= *+1+ 


1+a* 


( 2 ) 


^tninl^O — 


(1+aW 


... (3) 


LIMIT OF RESOLUTION 


We have 


= Cxi 


f^X 


... (4) 


6 



D. C. PurkaycLstha 


which gives 


2{C-^k(l^C)} 


2{C^k(\^C)) 


^32Cji 

... (5) 

-320' i 

... (6) 


where AA^ is the limit of resolution, meaning the smallest wavelength difference, 
resolvable. The resolving power is given by 

R= f{r)fc(l-C')-6C'+8}+-v/{3fc(l-0)-2C’+8}*-32C\-i ^ 7 ^ 

f> t ■ 2{C'-ifc(l-C')} J "■ ’ 

Table 1 gives the value of Rbj^ for various values of k and C; where 0 < /fc 

< C/(l - C. 

Figures 1 and 2 illustrate the variation of Rb/A with k and C. 



Fig. 1. Variatien of RbjK with k. (0.4 < C < 0.8) 
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TABLE I {contd.) 


.8 

— 

.119 — 

— 

— 

— 

— 

— 

.9 


.083 — 

— 


— 

— 

— 

1 

— 

0 .175 

.268 

.364 

.42 

.485 

.672 

1.25 

— 

— .12 

.235 

— 

— 

— 

— 

1.5 

— 

— 0 

.201 

.317 

.38 

.454 

— 

2 

— 

— — 

.12 

.27 

.34 

.424 

.530 

2.6 

— 

— — 

— 

.226 

.307 

.396 

— 

3 

— 

_ — 

— 

.178 

.273 

.37 

.493 

3.6 




.122 

.238 

.346 

— 

4 

— 

— — 

— 

0 

.203 

.321 

.469 

4.5 




— 

.166 

.300 

— 

5 





.122 

.274 

.429 

5.5 





.059 

.261 

— 

6 






.228 

.400 

(),5 






.204 

— 

7 






.179 

.375 

7.6 






.163 

— 

8 






.123 

.348 

8.6 






.086 

— 
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.323 

10 







.300 
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.253 

14 
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16 
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18 
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ON THE DEPENDENCE OF THE INTENSITY OF FLUORES- 
CENCE OF FROZEN j>-CHLOROTOLUENE ON THE WAVE- 
LENGTH OF THE EXCITING RADIATION* 
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Optics Department, Indian Association won the Cttlttvation of Scieni e, 
JaDAVPUR, CALCtTTA 32. 
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Plate VI 

ABSTRACT . The dependence of the intensity of fluorescence of frozen p-chloroto- 
luene on the wavelength of the exiciting radiation is investigated. It is observed tliat the 
group of Hg-lines at 3650A° and other linos of shortbr w^avelength are rosponsibh^ for the pro- 
duction of this fluorescence spectrum. 

INTRODUCTION 

It has been recently observed by Sirkar and Biswas (1956) and by Biswas 
(1956) that the radiations from a quartz or a pyrox mercury are filtered through 
ultraviolet light filter can excite strong fiuorescence in solidified parachloro- 
toluene when the substance is cooled down to —180*^0. The above filter trans- 

o 

mits the 3650A group of Hg-lines almost with undiminished intensity and the other 

mercury lines longer than 3100 A are also transmitted with slightly diminished 
intensities. The lines in the visible region and the continuous background are, 
however, absorbed heavily so that the fluorescence bands can be recorded on 
clean background. 

The 0,0 band of solid p-chlorotolueneat— 180'^C(Swamy, 1952) is at 2760 A 
and therefore it is surprising that radiation of wavelengths much longer than 

2760A can excite strong fluorescence in the substance in the solid state at 180®C. 

o 

It is not known, however, whether the fluorescence persists if the 3650A group 
of Hg-lines is completely cut off and such an information would indicate the posi- 
tion of the absorption band responsible for the excitation of this fluorescence. 
So, in order to find out the maximum wavelength which can excite the fluorescence 
spectrum, filters of aqueous solutions of NaNOg crystals in different concentrations 
have been used in the present investigation to cut off shorter wavelengths in the 
near ultraviolet region of the spectrum of mercury arc in gradual steps and the 
intensities of the fluorescence spectra excited by the filtered radiations have been 
compared with each other. The results are discussed in this paper. 

^Communicated by Prof. S. C. Sirkar 
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EXPERIMENTAL 

Pure jo-chlorotoluene supplied by Eastman Kodak Co. and distilled in vacuum 
was use(i in the investigation. The exjierimental set up was almost the same as 
that flescibed earlier by Biswas (1956) The light from a mercury arc in pyrex tube 
filtered through the ultraviolet light filter was focussed with a cylindrical pyrex 
tube of diameter 40 mm filled with aqueous solution of NaNOg. The concentra- 
tions 2.5%, 5% and 10% of the solution wwe used to cut off the ultraviolet lines 
step by step. The fluorescence spectra were photographed with a Fuess glass 

spectrograph of dispersion of aboui llA per mm in the 4046 A region while the 
absorption of the different Hg-lincs in the near ultraviolet region was studied with 
the help of an Adam Hilger medium quartz spectrograph. The fluorescence spec- 
trum excited by the mercury arc lines not filtered through the NaNOg solution 
was also recorded under similar conditions for comparison of intensities. The 
time of exposure in this case was 40 minutes while that for the spectra excited by 
filtered radiation was 4 hours, the width of the slit of the spectrograph in the two 
cases being 0.25 mm and 0.70 mm respectively. 

RESULTS AND DISCUSSION 

The spectrograms showing the fluorescence bands excited under different 
conditions of excitation are reproduced in figure 1 , Plate VI and those whowing 
the transmission of the different Hg-lines through the different filters are shown 
in figure 2, Plate VI. On comparing the intensities of the fluorescence bands in 
figure 1(«) and figure 1(6), it is seen that the intensities of the bands are drastically 

reduced when the 3650 A group of mercury lines are absorbed partially by a 
2.5%, aqueous solution of NaNOg and all the lines of shorter wavelengths are com- 
pletely absorbed. When the strength of the NaNOg filter is increased to 5 % 

the intensity of the transmitted 3650A group of lines is reduced still more and a 
consequent reduction in the intensity of the fluorescence excited by radiations 
filtered through the 5%, solution of NaNOg can be observed. When the strength 
of the NaNOg filter solution is further increased to 10%, the intensity of fluores- 
cence becomes negligibly small. From the results given above it is clear that the 

o 

3650 A group of Hg-lines and other lines of shorter wavelengths are effective in 
producing the fluorescence in solid p-chlorotoluene at — 180*^0. 

The excitation of fluorescence in p-chlorotoluene by the 3650 A group of 
Hg-lines indicates that parachlorotoluene should exhibit some absorption band 
on the longer wavelength side of this region in the solid state at —180^0. Swamy 
(1952) observed that the 0,0 band of the solidified p-chlorotoluene at — 180®C 

o 

is at 2760 A. The excitation of fluorescence in this substance under the present 
condition, therefore, shows that in the solid state at low temperature p-chloroto- 
luene probably gives rise to some new absorption region on the longer wave length 
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i’ig* I 

Fluorescence oF^-chlorotohicnc at - 1^0 Cl 

(a) Incident light filtered through ultraviolet light filter +H,0 
(h^ a 1* M n V ,, +2’5% 

ac|ueous sol. of Na NO,. . 

(D .. .. „ „ . -1-6% 

aqueous sol. ofNa NO, . 



Fig. II 

Transmission of Hg lines through different filters. 

(a) Ultraviolet light filter -f HjO. 

(b) „ „ -f-2'5% aqueous sol. of Na NO; 

(c) „ „ 4 6';, M 


404H / 
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side of 3660 A which has been overlooked earlier. Instead of giving rise to any 
well defined absorption band in this region the substance at the low temprature 
may also exhibit some diffuse absorption extending to some extent beyond the 
3660 A° towards the longer wavelength side. As the original band system of the 
molecule does not undergo drastic changes with solidification excjcpting slight 
shift of the system towards shorter M'avelcngths the new absorption region may 
be due to the presence of new energy levels in, the associated group of molecules 
formed in the solid state at low temjjerature. Formation of such groups was 
indicated by the disappearance of the fluorescence in the case of solution <jf the 
substance in CS^. ^ 
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1. BOILING POINT AND OTHER PHYSICAL PROPERTIES 
OF THE HALOGENS AND HALIDES 

G. R. SOMAYAJULU 

Indian Association for the Cultivation of Science, Calcutta-32 
{Received for publication April 2, 1956) 

Some regularities have been already observed for many physical properties of 
halides. We have, however, found that most of the physical properties of halogens 
and of halides can be treated from a common basis. It has been found that in a 
sequence of compounds of the general formula RXn, where X stands for any 
halogen and R is any atom (may be a halogen itself) or a group of atoms, many 
physical properties are linearly related to the sum of the effective atomic 
numbers of the halogen atoms in RX^; in other words, there exists a relationship 
of the type 


P = = aSZ'+6 

where P is the property in question, a and h are constants for any particular series 
of molecules, and Z' is the effective atomic number of X, the summation being 
carried over all the X's; Z' is equal to Z—S where Z is the atomic number, and 
S is a constant characteristic for each halogen (the significance of which is not 
yet quite clear) and has the value 0 for fluorine and chlorine, 13 for bromine and 23 
for iodine. 

We first illustrate the above relationship from available boiling point data. 
Taking R to be a halogen itself, the boiling points of all compounds of the type 
X 2 , viz., P 2 , FCl, CI 2 , ClBr, Br 2 , ICl, IBr and Ig, have been plotted in figure 1 
against the summation of the effective atomic numbers of the two atoms consti- 
tuting the Xa molecule and it would be seen that all the points fall in a straight 
line. Similar behaviour is also exhibited (figure 1) by twenty-one tetrahalides of 
silicon and also by twelve tetrahalides of carbon for which data are available. 

An exactly similar relation is also obtained with the same Z* values for halo- 
gens for the boiling points of a multitude of other sequences, viz., monohalides 
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of H (with the exception of HF), R (alkyl or aiyl), Si H3, etc., dihalides of CH^, 
C2H4, S1R2, Hg, etc., tnhalides of B, N, P, As, Sb, (excpting SbFj), Bi, PO, PS, 
CH, SiH, SiR, etc. tetrahalides of Ti, Ge, Sn (excepting TiF4 and SnF4), etc., 
and so on. 


S (X— 2 ) for CX4(— f units) and 81X4 



for X2 

Fig. 1 . Boiling point va, STimmation effective atoinu; number diagram. 


Linear relationships have also been found to exist between several other pro- 
perties such as polarisability, refractivity, square of atomic covalent radius {vide 
the other note appearing herewith), van der Waals volume, atomic volume, 
parachor, Pascal’s constant, etc., on the one hand and Z' on the other for halo- 
gens. In fact, all sequences, of the tyi>e RX„ we have tried so far and which are 
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too numerous to mention here, have shown this regularity and we presMit in 
Kgure 2 a few typical illustrations for halogens. 



(Z-S) 

Fig. 2. Plots of some physical properties of halogens and their ions va, (Z—S). 


The regularities reported above for halogens also apply to other similar se- 
quences of elements and the most surprising thing is that practically the same 
set of Sf- values as found for F, Cl, Br and I has also been foimd to hold good for 
corresponding elements in the following sequences, viz., (i) O, S, Se and Te, (ii) N, 
P, As and Sb, (iii) C, Si, 6e and Sn, (iv) B, Al, Qa and In, (v) Mg, Ca, Sr and 
Ba, (vi) Na, K, Rb and Cs and (vii) Ne, A, Kr and Xe, with respect to at least 
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some physical properties of these elements and their compounds. A few typical 
illustrations are shown in figure 3. 



Fig, 3. Plots of soTue physical properties va, (Z’-S) for various sequences . 


A detailed account of the above relationships will appear elsewhere. 

The author expresses his indebtedness to Prof. Santi R. Palit for his kind in- 
terest and helpful suggestions and thankfully acknowledges the help of the 
Council of Scienti fic and Industrial Research, Govt, of India, for financial aid. 
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2. BOILING POINT AND ATOMIC SIZE 

G. B. SOMAYAJULU and SANTI R. PALIT 
Indian Association for thr Cultivation op Science, Jadavpur, Calcutta 
(Received for piihlicntion April 2, 1956) 

One of the authors (G.R.S.) has discovered a simple relation^ (Somayajulu, 
1956) that the boiling points and quite a few other properties of halogens and also 
of a series of analogous halogen compounds, are linear with the sum of the effec- 
tive atomic number, Z' where Z* — Z— 8, Z being the atomic number of the 
halogens in the molecule and /S is a screening constant whose value is zero for 
F and Cl, 13 for Br and 23 for I. Following on the above clue it has been found, 



Z— S 

Fig. 1 . Plots of square of atomic covalent Radii vs, 

as shown in figure 1, that the squares of the covalent radii are also linear with 
Z' for the following sequences, (i) F, Cl, Br and I, (ii) O, S, Se and Te and 
(iii) N, P, As and Sb, using the same sequence of values of S as given by Soma- 
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yajulu for all the above three groups of four elements. The most striking feature 
of these straight lines is that they pass through the origin which leads to a few 
rather unexpected conclusions as discussed below. All data for covalent radii, 
r, have been taken from the latest compilation by Schomakcr and Stevenson 
(1941). 

Size of the Covalent Atom .; — Assuming that the effective atomic number, Z' 
represents the net nuclear charge of the atom in, so far as it determines the physical 
properties as described by Somayajulu (1956), the most obvious conclusion is 
that the normal induction per unit surface area for all atoms in the same group 
of the periodic table is the same and increases with increase in group number or 
electro- negativity within th esame period. It thus appears that the covalent 
size of an atom is predominantly determined by its effective nuclear charge, Z'e 


:SLr2 For halogens and alkiii motals.. 

2 4 6 6 



Sr2 For O 2 , See, Teg, N 2 . 1*4 & Sb 4 , 
Fig. 2 . Plots of boiling point va. pSr^. 


such that it attains the same effective normal induction per unit area for all 
members of the same group. Alternatively, since eZ' I is the field strength on 
the surface of an atom due to its effective nuclear charge, we can as well say 
that all atoms of the same group have on their surface the same effective field 
trength owing to their nuclear charge, and the field strength increases with 
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increasing group number. This is a rather unusual conclusion whose full signi- 
ficance, particularly with reference to the electronegativity scale is yet to be 
elucidated. 

Boiling Point and Atomic Size — Combining figure 1 with Somayajulu s find- 
ings, as summarised in the opening paragraph, we immediately see that the 
boiling point of the halogens and similar halogen compounds should be linear 
with the sum total of the surface area of the halogens in the molecule. This is 
shown in figure 2 curve A for halogens. It would be seen that an excellent 
straight line is obtained. The obvious conclusion is that the boiling points of 
similar halogen compounds are determined by the sum of the surface area of the 
constituent atoms. This is further corroborated by plotting the available data for 
other groups. Thus, curve B shows that O2, Sj and Se* being the states in which 
they occur near their boiling points, also give a good straight line. Curve C 
shows that the relationship is also valid for N2, P4 and Sb4 (datum for As is not 
available). It thus appears established that the boiling points of elements are 
simply related to the sum total of the surface area of the constituent atoms in the 
molecule. 

The above relationship also holds good fairly well (curve D) for the alkali 
metal sequences Na, K, Rb and Cs; but here the slope is reversed. This inter- 
esting behaviour is however, understandable from figure 2. From curves A, 
B and C we find that the slope increases with decreasing periodic group number 
and so, in this case the slope has become much more than a right angle. In 
fact, we can reasonably expect from the above trend that somewhere around the 
middle groups of the periodic table these B. P. versus r* curves may be just steeper 
than a right angle as a result of which the first members are likely to show very 
high boiling points. This is in agreement with the well-known occurrence of high 
boiling elements, viz., B, Si, etc., in this region. It is thus seen that the trend in 
boiling points in various groups of the periodic table, though apparently irregular, 
forms part of a common plan depending on the size and nuclear charge for the 
whole periodic table ; an explanation of the whole plan itself however, is yet to be 
found. 

Sfhomaker V. and Stevenson, D. P. 1941, J. Amo'. Chem, 80 c. 68, 37. 

Somayajulu, G. R. 1956. Ind. Jour. Phy». 80, 268, the foregoing note. 
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COMPTON SCATTERING OF LIGHT BY ELECTRON 


D. BASU AND 1). P. SURAL 

Department op Theoretical Physicb, Indian AsioriATioN for the Cultivation op 

Science, Calcutta. 

(Received for 'publication^ ApHl 12, 1956) 

ABSTRACT. In this papor the relative iinporttinee of the mlluenoe of spin and rela- 
tivity on the decrease of the Compton scattering cross section with increasing photon energy 
has been studied in the semi relativistic approximation. A semin^lativistic Hamiltonian in 
which the influemjo of S[)in can he tn*Hted with the Pauli theory has bei^n constructed and 
the total scattering cross sectioh dcterrhined by tlie second order pcM turbation mid-hod. The 
terms due to relativity and s[)in have ajijxnired separately in the final result; the spin tends 
to inoroase the cross section so that t^io influenci^ of relativity effect is prtxlominant in making 
the Compton scattering cross section decrtaise with increasing tmergy. , 


INTRO 1) U C T 1^0 N 

4 

It is well-known that the qiiantut)! mechanical cross section for Compton 
scattering of light by free electron, as calculated by the second order perturbation 
method agrees with the Thomson formula in the iionrelativistic limit but differs 
appreciably from it even for energies slightly higher than the uonrelativistic limit. 
The cross section, first derived by Klein and Nishina, comes out to be the same 
whether one uses the Dirac one electron theory in which the negative energy 
states are unoccupied or the Dirac hole theory where all the negative energy 
states are initially filled up. It is of some interest to study the relative impor- 
tance of the influence of spin and relativity on the decrease of the scattering cross 
section from the Thomson formula when energy begins to increase. Tne exact 
relativistic equation of motion of an electron in a specified electromagnetic field 
based on the classical theory has been given by Dirac (1938); but he has calculated 
the scattering cross section in the limit of very low energy, thus getting only the 
Thomson formula corrected by the damping effect. On the other hand, Dirac's 
quantum theory of the electron incorporates spin and relativity in an inseparable 
way, that is why it is not possible to separate the two influences in the Klein. 
Nishina formula. We shall therefore try to approach the problem from the semi- 
relativistic Hamiltonian in which the influence of spin can be treated with the 
Pauli spin theory. In this method the corrections, due to relativity and spin 
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appear separately, as such the method would fulfil our purpose but it has the 
limitation that it cannot be pushed to high relativistic energies. In the region 
where our semirelativistic approach is valid, it will be seen that the effect of the 
spin is to increase the scattering cross section. The calculation of Booth and 
Wilson (1940) shows that the cross section of scattering of light by vector meson 
is larger than that by spinless scalar meson; further the curve for the Klein- 
Nishina correction lies above that due to scalar meson scattering. All these 
indicate that the spin of the particle tends to increase the scattering cross section. 
So wc are led to conclude that the decrease of the Klein-Nishina cross section 
with energy is due to relativity, the exact effect of which, however, has not been 
taken into account in the calculations based on the classical theory of Dirac. 


2. SCATTERING CROSS SECTION 

The Hamiltonian of the electron-radiation system is the sum of the Hamil- 
tonian of the transverse radiation field and the Hamiltonian of the electron which 
includes the electron -radiation interaction. To express the latter in our semire- 
lativistic approximation we start with the Dirac Hamiltonian which satisfies 
the etpiation 


{//— . (j)—eA)}i/r — 0 


( 1 ) 


where /i and p are the mass and momentum of the electron in energy units and 

— ► 

the other symbols have their usual meaning. A is only the transverse part of the 

— ► — ► 

vector potential satisfying div ^ = 0. Multiplying the above by 

(p—eA) from the left we obtain the well-known relation 


^ 


A 

2/i' '~dt 


2ii 




(2) 


whore H' = = — I'ajagetc., and the magnetic field H = curl .4. We 

neglect the term involving a __ — on the same ground as Dirac has done. Further 

ot 

the last term is regarded as very small so that in it we can take for 

H* the approximate value 
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We then obtain 

... ,3, 

In our approximation we treat the a matrices as Pauli’s two-by-two 
matrices. 

In the Hamiltonian in (3) the part due to free electron is 
we neglect the effect of the second term the eigen functions may be taken as 

where Up is the usual two component column-symbols. The other 
terms give the interaction of radiation with the electron. Since the Compton 
effect is a two quanta process and since calculations will be confined to second 
order approximation only, we shall retain in the interaction Hamiltonian the terms 

— ► 

that are linear or quadratic in A. Further, for an electron initially at rest the 

— ► 

interaction terms having the operator p at the extreme right will have no contri- 
bution to the matrix element and hence these terms are left out. The interac- 
tion Hamiltonian then becomes 


Hint ^ e 
2/1 




A+A p){cr . H) 




... (4) 


— y 

We consider the case of a photon of energy and momentum (in 

— ^ 

energy units) colliding with an electron at rest (p^ = 0), After scattering the 

— ► 

energy and momentum of the photon become K and K respectively and those of 

the electron become E and p. The differential cross section for the process is 
given by 


^ /’f I i S 1 I 


... ( 6 ) 


where is the scattering matrix element calculated from the interaction 

Hamiltonian (4), the summations are over both spin directions of the electrons 
before and after the scattering process and p^, the density function of the final 
state is given by 

« - 

(27rftc)* 


... ( 6 ) 



268 


D. Basu and D. P. Surat * 


The firbt four terms in (4) will give rise to direct transitions, the corresponding 
matrix elements being 

c* 2nhW ^ (u*npo)- } .. (K^^+K^-2KJC cos a) cos 0 

A 

— KJC cos < 9 {Mj,*mi 7 o)+ ^ cos (ef,K){Up*ar^up,) 


A 


+AV Cf)S I e a:,, j j j j ... (7) 


where 


0 = the angle between and e the unit vectors in the direction of polarisation 
of incident and scattered photon respectively, 

. a = the angle of scattering, 

8 = the angle between the vectors [A’QXeJ and [A*xc], and cr^, cr^ are the com- 
ponents of o’ in the direction of the vectors jiT x e] and {KQXe^] respectively. 

The fifth and sixth term in (4) will give rise to' transitions only through the 
two types of intermediate states. 

,1. iCg is first absorbed by the electron which gains the momentum Kq. In the 

transition to the final state K is emitted, the piomcntun; of the electron 

— ► 

becoming p ?= Kq^K, 

II. K is first emitted by the electron which gains the momentum'—^. In the 

. . 

transition to the final state Kq is absorbed, 


The matrix element of — ~ ( oM) will be 

2(1 

!!. I {'U'p*<r\cr^up,) ] 

^/k^k ^ L K^-Whi J 


... ( 8 ) 


In the denominators, terms of ordei; higher than Kf^j/jfi have .been neglected. 

The matrix element of the term ^ p*((r . H) will be omitted because ita 
contribution is of order higher than - 

VKk A ■ 
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, The sum of the expressions (7) and (8) gives the scattering matrix element 
whence the value pf ^ can be calculated out by a direct spur 

calculation. ReUiemlbering that o’;* = 2 cos <9 arid using (5) and (6) 

we get the differential scattering cross section for the process as 


0 

4-2J5i^ 4 cos cos 0+4B^B^ cos '^0—2B.^B^] 


(9) 


R K f.-\ K^~2KnK COS ^ 

where -o, = cos 0 — ^ ^ cos 0 — " ^ 

‘ ' 4//2 ' • " . V 


cos 0 


. A. 


A 


, ^4 - 


n __ COS (Cq, K) d/ __ cos (e, Kq) o t 

‘ 

Using now the Compton relation 

A' 


K = 

1 4 ■*‘® (1— cos a) 
/* 

E = A'o4/<- A^ 


... ( 10 ) 




the factors , ^aiid - occurring hi (9) are expanded in powers of - ^ 
Ko // /I ... . . /*/ 

Retaining terms up to order we obtain 

da(l_2^«(l- cosa)43‘^® (l-(>osa)2-f (l-cos a)\ X ^ 

[ coe*©4- i cos^ (f — (1— cosa) co8*0— cos ® cos 0-\- 


^2 

.0 cos « cos 0 cos 0 

2a* ■ 


... ( 11 ) 


In the square bracket above the first term comes from the term^^.d® in the inter- 
action Hamiltonian which, in the nonrelativistic limit, would alone give the Thomson 
formula. The second and third terms are due to the spin part — (o*. H), The 

* fourth term arises from and ~ p^A^, the correction due to semirelati- 

2(1 
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viatic velocities considered by us. The fifth term is the contribution of Z- A* 
and — jy* and the last term results from both A* and the roin term 

8/t» 2/t 

— ^ The terms in the curly bracket includes the effect of the density 


z/i 




function pg. expanded in power series of — In our approximation they combine 

P' 

n2 

with the contribution of the interaction - to give the first four terms in the 

2/4 ® 

differential cross section (12) below. But the rest of the interaction Hamiltonian 
contributes to the differential cross section in combination with only the first 
term in the curly bracket. The differential cross section thus becomes 

= ^ da (1— cos a)+3 ^ (1— cos a)^+ (1— cos a)| 


cos^ 0 + 


1 Kl 


Kl 


Kl 


4 ii^ 4/4' 


\ cos W— - ® (1— cos a) cos^ 0— ^ « cos 0 cos 0+ 


2/4^ 


+ « h cos a cos 0 cos 0 

2 /^^ J 


... (12) 


Choosing now for e two directions, one perpendicular to if, K^ plane and other 

— ► — ► 

in the if, plane, it can be easily shown that 
(__L) ® cos 6 = cos CL sin <f> 

( II ) cos 0 = cos a cos cos 5 = cos 0 

where 0 is the angle between and if, plane. 

For unpolarised primary radiation, we are to average over 0 and then 

as 4- d(j>\\ 

^ (l-cosa) +^^{l-coact)*+ oosa)) 

(1+C08 *a)+ (l-f-co8* a)— '^^(1— cos a)(l+co8* a) 


F 


4A 
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^ L /t ^ 5 /t* ^ 4 /t* /t* J 

“ r >• + 20 7? i 

Stt 

where (po= — 2 Thomson cross section. 

tj fjb 

3 , DISCUSSIONJS 

The total cross section according to Kleiti-Nishina formula when expanded 
in powers of — ®, gives only the first three terms of the expression in the right of 



OX» 01 015 02 


Fig. 1. Variation of scattering cross section with incident 
photon energy. 

A — Our value including spin correction, 

B — Our value excluding spin correction. 

C — ^Klein-Nishina formula, 

D — Booth* Wilson formula for scalar meson. 
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equation (14). In the relation (6) for the density function if we use the relation 
(10) and expand in powers of ®we obtain, from the interaction term exactly 

tke second and third terms in (14) as correction to the Thomson formula. The last 
term is a further relativistic (sorrection, whereas the fourth term is due to spin of 

the electron. Up to this approximation the influence of the tenn-2 is predomi- 
nant in making the Compton scattering cross section decrease with increasing 


energy. The spin term ' " , though small compared to the relativity contribu- 

^ 4 f 

tions, has a definite effect and it tends to increase the scattering cross section. 
In the figure 1 below has been plotted against ^o//<. Curve k is based upon 
(14) and the curve B is obtained from (14) excluding the spin term'. The curve 
0 gives the scattering cross section according to the exact Klein-Nishina formula. 
The curve i) shows the cross section for scattering of light by spinless scalar mesons 
(// in this case denoting the meson mass in energy units) as calculated by Booth 
and Wilson. It is clear that the Klein-Nishina cross section due to spinning elec- 
tron lies above the Booth-Wilson cross section due to spinless mesons for a parti- 

K ' 

cular value of The separation of the spin and Relativity term in (14) has 

thus been rightly effected at least up to this somirclativistic approximation. 
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ON WAVE NATURE OF MATTER. PART II. 
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Plate VII 

ABSTRACTS. Inve^fcigation on the diffraelion of a molecular bwam by apertures of 
different shapes and sizes has boon carried out and it is observed that straight slits produce 
a pair of fringe-like deposits with a minimum at tlii^ centre, the width of the fringe being 
smaller in the case of the widor slit. 

In the casc5 of circular apertures, circular deposits are formed at the centre, the radius 
of the central disc being smaller for the larger apdfturo. 

I N T K O D U C O N 

It was reported previously (Mishra, 1951) that when vapours of some organic 
compounds are allowed to pass through slits in an evat^uated chamber and to be 
deposited on an icc-cooled metallic surface the deposit appears to consist of several 
systems of fringes. It was not known at the time how the whole pattern as well as 
the width of the fringes depend on the dimensions of the aperture. The investiga- 
tion has therefore been repeated using apertures of different 8hai>es and sizes and 
also vaj)our8 of substances having high melting points at moderately low 
temperatures. 

EXPERIMENTAL ARRANGEMENT 
The experimental arrangement is shown in figure 1, where is a calibrated 
thermo- junction for recording temperatures, if is an electric heater, is a resistance 



Fig. 1. Experimental arrangement. 
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which forms arm of a Pirani gauge, and are two capillary tubes of bores, 
0.36 mm. and 0.61 mm. respectively or two tunnel slits of widths 0.4 mm. and 
O.H mm. The distance between A^ and A^ was approximately 2 inches. The 
length of the capillary tul)es or height of the tunnel slits was more than 10 cms. 
1'he apertures A^ and were at a distance of 4 mm from the cold collecting 
surface. 

P is the pumping system which is an Edward’s Speedivac Model F 203 pump, 
consisting of an oil diffusion pum]) backed by a rotary pump. There were three 
valves in the pumping circuit, called baffle valve, isolation valve and backing 
valve. By operating the valves, one could conveniently produce either static 
vacuum or dynamic vacuum in the chamber. The minimum pressure attainable 
with our pr(^s(Mit arrangement was 0.020 mm. of mercury. S is a thin film of 
para-nit robenzoic acid. 

E X P E K I M E N T A L II E S U E T S 

Th(* })at terns obtained witli the vapour of para-nitrobenzoic acid at 40''C 
using the einadar apertures of diameters 0.36 mm and 0.6] mm and long slits 
of widths 0.4 mm and O.S mm are reproduced in figures 2 and 3, Plate VII 

As tht^ tubes or (channels were each about 10 cms long the inolecmlar beam just 
before rea(*hing the apei’tures was almost parallel, tlie lotal divergence being 
about 15' of ant. 

It is seum from figure 2 that in the case of the circular apertures of diameters 
0.36 mm and 0.61 mm the })rttern is circular. In each case there is a circular 
deposit at the centre, the diameter of the deposit being larger for smaller aperture. 
This deposit is surrounded by a blackened annular area, the diameter of which is 
smaller in the case of the smaller aperture. 

In tlie i)atterns due to the two slits (figure 3) there is practically no deposit 
at the centre. 'Fhe central portion, liowever, appears as black, probably due to 
chenncal action of a very thin deposit of the compound with brass surface. On 
each side of the central minimum there is a friiige-like deposit in both the cases. 
The central black fringe is wider in the case of the wider slit, but the width of the 
fringe formed by the deposit of the compound is larger in the case of the narrower 
slit. The actual widths are shown in Tables I and II. 

TABLE I 
Straight slit 


slit width Width of the 

in mm. fringe in mm. 


0.40 5.20 


0.80 


3.00 
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(a) (h) 

Fig. 2. 

Patterns formed by />-nitrobeii/oic acid by two capillery tubes. 

(a) Diameter of capillery bore=- 0*36 mm. 

(b) Diameter of capillery bore=b-61 mm. 



Fig. 3 

Patterns formed by /i-nitrobcnzoic acid by two slits. 


(a) Width of slit =0*8 mm. 

(b) Width of slit =0*4 mm. 
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TABLE II 
Circular aperture 


Uiamctor Diamptor 

of of tliP (iontral 

boro (lisp 

in rnin. in mm. 


0.36 ».6 

0.61 , 2.2 


D T S (■ U S S I ^ N 

It will be noted that in both figures 2 and 3, the widths ol the minima show 
irregularities which may be due to the s])re{i^ing of chemical action of minute 
quantities of para-nitrohenzoic acid on brass surface. For the. actual material 
deposits of benzoic acid on brass surface, it is (‘vident from tlie results given in 
Tables I and II, that the wudth of the fringe-like deposit is larger in the case of the 
narrower slit and also the diameter of the circular de])osit is smaller for t he larger 
circular aperture. These results show that the deposit is mil foiiucd by a beam 
of molecules travelling along the axis of the beam, but after emerging from the 
aperture their path is bent in oj)poHit(‘ directions like diffraction of waves. These 
results are obtained with tin; chamber once evacuated and kept lu'rmetieally sealed 
or with a chamber which was being evacuated continuously by the punqiing 
system. The reiuoduction of the pattern in both static and dynamic vacuum 
indicates the jfiienomenon to be a molecular one. The deposit was forme<l very 
slowly in about 80 hours at a temjjeralure moderately above room temperature, 
and it appears that the patterns are formed only when the molecules arc^ collected 
one by one. 
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ULTRAVIOLET ABSORPTION SPECTRA OF FROZEN 
SOLUTIONS OF o-. m- AND 2)-CHLOROTOLUENE 
IN ISOBUTYL ALCOHOL* 

S. B. ROY 

Optics Department, Indian Association for the Cultivation of Science, Jadavpur, 

Calcutta-32 

{Rpreived for puhlicntion , April 25, 195()) 

ABSTRACT. Tho ultraviolet abaorptioii spectra of solutions of o-, //t-ancl p-chlorotoluene 
in isobutyl alcohol in the liquid and solid states at — 18() 'C have ]) 0 (ni investigated. The 
results obtained have been compared with those reported by previous workt‘rs for the pure 
liquid and for solid state at — 180''C. It has been observed tluit in case of the solutions in 
the solid state no splitting of electronic <inergy level of eitlier o-chlorotolueno or m-chloroto- 
lueno molecule takes place although in the case of the pure substances in the solid state 
splitting of tho band was observed by previous workers. 

In tho case of p-chlorotoluone, the position of tho 0, 0 band duo to tho pure liquid, solution 
in isobutyl alcohol and tho solution frozen and cooled to - 18()°C is almost tho same but it 
shifts much when the pure substance is frozen and cooled to — 1 S0‘’(\ 

Probably the presence of permanent eletric moment in the molecules of the ortho- and tlio 
meta-compound facilitates formation of virtual bonds between neighbouring molecules In 
tho solid phase of the pure substances. Formation of such bonds may be responsible for 
splitting of tho energy level. 


INTRODUCTION 

The ultraviolet abHorption spectra of o-, m- and j9-chlorotolucne in liquid 
and solid states were investigated by Sw^aniy (1952) and it was shown by him 
that in all these cases the principal bands in the liquid state shift tow^ards shorter 
wavelengths on solid ilication of the li(|uids. In the case of both o- and m- chloro- 
toluene in the solid state, the electronic energy level was found to be split up into 
three components. In the ease of ^-chlorotoluene on the other hand, no such 
splitting was observed. It was concluded by him that this splitting of the elec- 
tronic energy level may be due to the strong interniolecular field, which may be 
produced by the formation of virtual bonds between neighbouring molecules in 
the solid state. 

Wolf and Harold (1931) studied the ultraviolet absorption spectra of o-, 
and p-chloro toluene dissolved in heptane. They observed a larger number of bands; 
in the case of the solution than in the case of the pure liquid (Swamy, 1952). In 
the case of o- and w-chlorotoluene, the 0,0 band shifts towards shorter wave- 
lengths by 100 to 200 cm~^ from its position in the case of the pure liquid, 

♦ Communicated by Prof. S. C. Sirkar, 
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whereas in the case of p-chlorotolucne, the shift is towarcis the longer wavelengths 
and it is only by about 30 cm~i. 

McConnell and Turmicliff (1055) studied the iiltiaviolel absorption spectra 
of y^-methyl naphthalene in rigid glass medium of 3-iuethy] pentane at As 

the molecules were in a dispersed state, th(3 absorption bands were attributed by 
them to single molecules. Recently, Bauer jee (1055) studied the ultraviolet ab- 
sorption spectra of pure a- and /^-methyl naphthalene in the solid state at ~-18()°C. 
He found that the 0,0 band due to pure //-nu^thyl naphthalene in tlic solid state 
at — 180®C is at a distance of 300 ern”^ on the longer wavelength side with respect 
to the position of 0,0 band due to the frozen solution of the substance in 3-methyl 
pentane reported by MrjConncll and Tuiinieliff (1955). He concluded that the 
association of the molecules in the ]mre substance in the solid state might be 
responsible for this shift of the 0,0 band. The ob ject of the present investigation 
was to compare the absr)rption S})e(dra of pure o-, m- ami p-cldorotolucne at 
— 180°C with those of the frozen solutiojis of the substances in a suitable solvent 
in order to find out whether tlie intermolecular field has any marked influence on 
the absorption spectra. 


EXP K R I M E N T A L 

The experimental arrangement w%as the same as that used by Swamy (1951), 
but instead of the Hilger quartz E 1 spectrograjdi used by him an Adam Hilger 

medium quartz spectrograph, having a dispersion of lOA/mm in tin* ^flOOA region 
w^as used in the present investigation. 

The absorption cell consists of two plain parallel (juai tz discs cemented with 
Araldite cement to a ring-shaped distance piece of !)rass of thickness 1.4 mm. 
The inner diameter of the annular brass ring is about 8 mm. A groove cut across 
the annular ring, parallel to its radius fHciliialcs tlie intioduction and removal 
of liquids with the heljr of a hypodermic syringe. 

The cell was mounted in a bi^ass frame provided witJi a long verti(*al rod which 
was held by a clamp. The cell was suspended in a Iraiisjuireut Dewar vessel 
made of fused silica and first the spectrum of tlie solution contained in the cell 
was photographed. Next, liquid oxygen was introduced in the Dewar vessel and 
the solution was frozen and cooled to about --180°0 by suddenly immersing 
the cell in the liquid oxygen. When the solution was frozen into a transparent 
mass, the brass frame was raised a little, so ttiat the cell w as above the surface of 
the liquid oxygen, but the lower end of the brass frame u as still immersed in 
the liquid oxygen and the ultraviolet absorption spectra of the frozen solution 
was photographed. The level of the liquid oxygen was kepi constant during the 
exposure. The solvent used w^as isobutyl alcohol whit-h was found to exhibit no 
absorption in the region under consideratif)!! eithc^r in the liquid state or in the 
solid state at -180°C. Very dilute solutions of o-, m- and p-ehlorotoluene in 
isobutyl alcohol yielded homogeneous transparent mass when frpzieit at IBO C, 
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The expcu iniental liquids were of chemically pure quality and were repeatedly 
distilled in vacuum before use. The proper strength of the solutions was deter- 
mined by trial. 

Ilford HP3 films were us(m 1 f(»r photographing the absorption spectra. The 
continuum was given by a hydrogen discharge tube. The time of exposure in each 
ease was a few minutes only. Mierophotometrie records of these spectra were 
taken with a Kipp and Zonen tyj)e self-recording microphotometer. Iron arc 
spectrum was recorded on ('.aeh s])ectrogram as a c(nnparison. 

frefjiienc‘ies (jf these bands were measured with the help of these micro- 
photometric records of the absorj)tion spectra in wdiich records of two known 
iron lines were taken as reference lines, and the records of the iron arc spectrum 
photographed as com})anson, 

n K S U L T S 

The microphotonndric records of the spectra are reproduced in figures 1, 
2 and .1 and the wave numbers of the bands and their j)robable assignments 
are given in Tables I, II, ITT, TV^, V and VT, 



V in cm~i — > 

Fig. 1. iMicro]>botomot ic rocovdH of the ultmviolot absorption spectra 
oi solui ions of o-(*li]o?’otohien<? in iHobutyl alcohol. 

(a) Fro/.on solution at — 

(b) Solution at 2o°C. 
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V in cm * -4 

Fig, 2. Microphot omoiric records of ullruviohd. iit sorption spectra 
of 7 a-chlorotoluene in isobutyl alcohol. 

(a) Frozen solution at — ISO'F 

(b) Solution at 
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Fig. 3. Mi<Tophotomotri<- reconla of thc< ultravtolot of ahaorption 
apootra of solution of p-clilorotoliu-nc in isobutyl alcohol. 

(a) Fro'/<?ri soln. at “180°F, 

Furv<’ (b) Soln. at 25''C. 

I S C U S S I O N 

TABLE T 


Absorption spectra of o-chlorotoluene 


Purc^ liquid 

Solution in 



hc^ptaiio 

Solution in 

isobutvJ alcohol 

(Swumy, 19.^2) 

(Wolf and 
Harold, 1931) 

(Present author) 

V in cin-i Assignment 

V in cni'i 

V in cm- A 

Assignment 

36381 (vs) 

(broad) 

37396 (s) r„4 1015 

36560 (s) 

36499 (vs) 

37012 (m) 

*^0 

yo^-ryu 

(broad) 

37550 (m) 

37512 (vs) 

roH-lOlS 

38413 (w) r„-f 2x1015 

38750 (s) 

39500 (m) 

40550 (w) 

38011 (m) 

38538 (s) 

39529 (w) 

roH-513-f 1013 

Vo + 2x 1013 

1^0 + 3x1013 
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TABLE II 

Absorption spectra of o-chlorotolueno 


Pure solid at 

-1804: 

Fio/en solution 
at 

in iso butyl alcohol 

180' V 

(Swamy, 

1052) 

(Present author) 

V ill ein-i 

AssigiiTnent 

V in cm ^ 

Assignment 



30 1. 50 (\v) 

30072 (vs) 

14 ) — 513 

3«83() (m) 

H<, 


37122 (vs) 

Ao 

37177 (s) 

Va 1 505 

37420 (in) 

C‘o 

37710 (vs) 

Po 1 1038 

37840 (vs) 

(H. 

iu„ F 1010 



38130 (s) 

fAi 

1 lOJO 

38214 (v8) 

p„ 1 505 1 I03« 

38428 (ins) 

lOOS 

i- 2x1038 


38748 (x's) 

38840 (III) 

J J{., 


IB, + 2 V 1010 

30235 (s) 

Pu i 2 ^ 1038 1 505 




30781 (m) 

Po-\ 3 1038 



40204 (w) 

p^ 1 3 > 1038 1 505 



40820 (w) 

Po 1 4v 1038 


It can be seen from Tables I and II tliat in the caw' of soJiition of o-cbloro- 
toluene in isobutyl alcohol the absorjition liands can be assigned to profjji’esHion of 
(‘Xcited slate frequencies 5l3ciii’"^ and I013(tin^h When the solution is frozen 
and cooled to ”-18()''C the bands can again be classifi(*d in th(‘ sain(‘ way, the (sxeited 
state frtjqueneies now being changed respectively to 505 enr ^ and 1038 cm~^. 
Thus the splitting of the energy levels observed in the case of the pure substance in 
solid state (Swaniy, 1052) does not take place when the molecules arc flispcrsed 
in the forezen isobutyl alcohol. A comparison of the positions of the 0,0 band 
observed in the case of the substaiu^e in different environments shows that the in- 
fluence of solvent molecules causes the 0,0 band to shift towards shorter wave- 
lengths from its position in the spectrum due to jnire liquid. The shift is, however, 
less than 200 cm~^, but the infiuen<;e of intermolocidar field increases very much 
when the liquid is solidified to form a polycrystalliiie mass, so that the 0,0 band 
shifts by about 740 cm~^ towards shorter wavelengths and also the band is split 
up into three components. Thus it is quite evident that, when the molecules 
are surrounded by similar molecules in the solid state, the influence of intermole- 
cular field is the largest. This indicates that probably, some virtual bonfls are 
formed between the molecules when the liquid is solidified and cooled to — 180^0. 


3 
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TABLE III 

Absorption spectra of metachlorotoluene 



Solution in 



I*ure liquid 

hoptano 

Solution in 

isobutyl alcohol 

(Swarny, 1952) 

(Wolf and 

(Present author) 

Horold, 10.31) 



V in Assignment 

p in cm-^ 

p in cm-i 

Assignment 

;j(>3ir) (vs) ro 

(broad ) 

.36400 (h) 

36353 (8) 

''o 

.36742 (vw) Po 427 


36704 (w) 

ro + 441 

.37610 (vs) Pfi-\ 00.3 

37400 (s) 

37330 (vs) 

^0 + 977 

(liroacl) 


Po \ 441 f-977 

37767 (vw) 

38207 (m) p^ f 2> 005 




38350 (in) 

38318 (ms) 

p } 2x977 



39280 (w) 

3X977 


393.50 (w) 



TABLE IV 

Absorption spectra of nietachlorotoluene 


FTOzen solution in iso butyl alcohol 
Pure solid at - 180^(1 at — 180“C 

(Swamy, 19r)2) (Prosont author) 


p in cm-i 

Assignment 

p in cm-i 

Assignment 

36120 (m) 

Co 

36405 (vs) 


36630 (s) 

JJo 

ro + 457 

36862 (s) 

37015 (vs) 

Ao 

371,^^0 (w) 

Cl 

37386 (vs) 

ro + 981 

37656 (s) 

38040 (s) 

13, 

37839 (s) 

4.57 + 981 

lAo-bl025 




38175 (m) 

38680 (w) 

C. 

38376 (s) 

ro + 2x981 


39065 (s) 

38823 (ms) 

^0 + 2x981 + 457 

(A, 

(Ao [ 2x1025 




30200 (vw) 

C!n 

39358 (ms) 

1^0 + 3x981 



.39813 (vw) 

ro + 3x981+457 



40343 (w) 

Pq + 4 x 981 
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TABLE V 

Absorption spectra of p-chloro toluene 


Pure liquid 
(Swamy, 1962) 

Solution in 
boptane 
(Wolf and 
Harold, 1931) 

Solution in isobutyl alcohol 
(Present author) 

V in cm-i 

Assignment 

V in cm i 

V in cm-^ 

Assignment 

36069 (vs,b) 

Vn 

36030 (s) 

36038 (vs) 

Vi) 



36930 (s) 

36862 (s) 

r„ + 824 

37071 (V8,b) 

ro+1012 


37136 (s) 

rn-l 1098 



37400 (w) 






37963 (mb) 

r,, 4- 824-1 1098 



37990 (s) 



38076 (m) 

ro + 2xl008 






38760 (h) 






39061 (wb) 

ro 1 824 t 2 X 1098 



39660 (w) 



TABLE VI 


Absorption spectra of p-chlorotoluene 




Frozen solution 

in isobutyl alcohol 

Pure solid at 

-ISO'C 

at - 

-180T 

(Swamy, 

1952) 

(Present author) 

V in cm“i 

Assignment 

V in cm-i 

Assignment 



36064 (vs) 

Vo 

36240 (vs) 

Vo 

f 811 

36876 (s) 

36992 (r) 

y,, 4-768 

Vo-\ 1N3 

37177 (vs) 

37282 (s) 

Po 1 1058 




37681 (m) 

v„-i 2x81 1 

37756 (w) 

r„4-2x768 

37982 (s) 

Po \ 811 ^ 1113 

38048 (8) 

Vo-\ 7684 1068 


38344 (m) 

r«4- 2x1068 

38288 (s) 

p„ 12x1113 

38793 (w) 

ro4 2x811 1 1113 



39096 (m) 

v,r] 2x11134-811 

sons (ni) 

ro4-2xl068-F768 

39908 (vw) 

r,H 2x 11134 2x811 



40229 (vw) 

Vo } 3x1113 ! 811 


As the unit cell is anisotropic, the nature of such linkages in three different direc- 
tions in the lattice, may be different from each other and this difference may be 
responsible for producing the three components of the energy states indicated 
by the splitting of the bands. The bands observed in the case of m-chlorotoluene 
under different conditions show that the intermolecular field in the liquid state, 
has only a small influence on the position of the bands irrespective of whether 
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the moleeuleR are Rurroundocl by those of the same tyj)c, as in the case of the pure 
liquid, or of different types as in the case of solutions. Even when the solution 
ill isobutyl alcohol is frozen t he band shifts only by about 50 crn-^ towards 
shorter wavelengths. On the other hand, when the pure liquid is frozen, the 0,0 
band shifts by about 700 cnr^ and the bands indic^ate splitting of the excited state 
energy level into three components. Thus in this case also, similar molecules in 
the solid state exert much greater influence on the electronic state than molecules 
of other tyjies and this may be due to formation of virtual linkage between ad- 
jacent molecules in the lattice as in the case of o-chlorotoluene. The excited state 
frequencies 441 and 977 cm*~^ observed in the case of the solution in the liquid 
state are not altered mucli when the solution is frozen as in the case of the ortho 
compound. 

In the (iase of ^-chlorotoluene the 0,0 band given by the pure liquid, solu- 
tions in heptane and in isobutyl alcohol and frozen solution in isobutyl alcohol, 
is almost at- the same position but this position, is shifted from that of 0,0 band 
due to vapour (Viswanath, 1952) by about 250 cm~^ towards longer wavelengths. 
When the pure liejuid is solidified the 0,0 band tends to return to its position 
observed in the case of the vapour. This shows that when the two substituents 
are in the para position and the molecules are arranged regularly in the lattice, 
the intermolecular fields due to diffenuit neighbouring molecules cancel each 
other and also the value of t he permanent electric moment being small, the chance 
of the format ion of associated molecules is much less in this case than in the case 
of 0 - and m- compounds. So, the absence of the splitting of the energy level 
indicates that no such association of molecules takes plat^e in solid state in this 
particular case. These results thus confirm the view exprevssed above that in the 
case of o- and m- compounds, the splitting of the energy level is caused by formation 
of associated molecules. A comparison of the absorption sj)ec1ra of the frozen 
solutions of these three comjiounds with those of the purcs substances in the "solid 
state thus leads to the conclusion that in the case of the o- and m- compounds 
owing to the presence of parmanent electric moment, the molecules become strongly 
associated with each other through virtual linkages in the solid state and such 
association causes splitting of the energy state. 
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ORIGIN OF THE ZODIACAL LIGHT AND THE 
VARIATIONS OF ITS BRIGHTNESS 

PRABHAT K. SENGUPTA 

Meteoholocikal Office, Saedahjitnc Axbpokt, New Dkijii, India 
(BecHved for publivniion, March 15 . 1051 )) 

ABSTRACT. It has boon suggost«tl that, tlu* zt>f]isoa1 light originates from the soattor- 
ing of photosphoric ra<iiation by (^leetrons and intdr|)lan(‘tary «lust ])artic](*s lying within 
an ellipsoidal volume in the interplanetary .spa(‘e witl^ tlie sun at its centre. The (‘orpuseles 
in the solar corpuseular stream, It'aving the sun with wloeities less than the velocity of escape 
and car-rying th(* intorj)lanetaj*y dust- particle's with thc'in. form the ellipsoidal volume with 
tbe rotation of the sun, and account for the lenticiilB.r' shape of (he zodiacal light and the 
varying inclinations of its light axis with th(' ])lane of the ecliptic in different wMisons. The 
variations of the intensities during magnet ic storms and with the' advent of meteor swarms 
are satisfactorily exfilainod with th(' htdp of tin* above picture, as due to the augmentations 
in th() number of electrons in the solar corpuscular stream and thi^ number of dust particlos 
r(‘spoctively. 


1 

According to the planetary theory (Mitra, 1052) of the zodiacal light, the 
phenomenon is manifested as a result of scattering of sunlight by a cloud of 
interplanetary dust particles of meteoric origin. The characteristic conical shape 
of the light is attributed to a concentration of thedust partitilcs in the plane of the 
ecliptic in the form of a collossal lens having the sun at its centre. The particles 
are suj)posed to be rather small bodies but large enough not to he repelled by 
solar radiation pressure. 

On the hypothesis that the outer corona of the sun is an extension of the 
zodiacal light and manifested in a similar maimof, van de Ffulst (1947) estimated 
the radii of the S(;attering parti(iles to b(‘ of the order of .01 to 03 cm., and suggested 
a thickness of the order of O.l A.U. for the lenticular dust cloud. Allen (1946) from 
similar considerations, but assuming a non-hornogeneous distribution of the dust 
particles, deduced the radii of the particles to be of the order of .001 cm. with 
density varying as where r is the distance from the sun. 

The observed polarization and brightness in the zodiacal light may be ascribed 
either to scattering by electrons or to reflection from interplanetary dust particles 
consisting of pulverized minerals like lava, basalt and granite, etc. (Whipple and 
Gossner, 1949). The first suggestion ae(;ording to the estimates of Whipple and 
Gossner gives an upper limit of the density of electrons at 1 A.U. as 1000 cra“®. 


285 



286 


Prabhat K. Sen Gupta 


In view of Mie’s theory of scattering, Siedentopf et al (1953) and Elsasser 
(1954) did not consider it possible for the dust particles to contribute materially 
to the polarized component of zodiacal light which they ascribed to scattering by 
electrons the brightness of zodiacal light was associated mainly with the scattering 
by dust particles. On this basis they deduced from photoelectric observations, 
the various densities of electrons and dust particles at different distances from the 
sun, the values being 600 cm”® and 1 .2 x 10”^® cm”® respectively at 1 A.U. Gene- 
rally the observations on the outer corona do not extend beyond V elongation from 
the sun, while those on the zodiacal light commence from 30° elongation, leaving 
a region between 1° to 30° elongations missing. But during the eclipse of February 
25, 1952 at Khartoum, Pietenpol and Rense’s (1953) observations covered the region 
between 5° and 1 5° elongations and confirmed that the zodiacal light is accounted 
for by the presence of a lenticular meteoric dust clo\id having density falling 
off as (Jackson and Reuse, 1953). 


IT 

Of special interest to us are the variations of the intensity of the zodiacal light 
observed from time to time. The seasonal variations are well marked. There 
are other variations, which according to some observers (El vey, 1937; Hulburt, 
1930), occur during meteoric showers or geomagnetic disturbances. Hulburt 
(loc. (Ht) pointed out that no planetary th€H)ry could account for the rapid varia- 
tions in the brightness of the zodiacal light during geomagnetic disturbances 
and hence suggested an atmospheric theory based on the action of the molecules 
and ions formed in the ui)per atmosphere of the earth by solar ultraviolet light. 
It a})pears to the present writer t hat some of the magnetic storms mentioned by 
Hulburt were M-storms having a 27-day recurrence tendency suggesting a rela- 
tionship between the zodiacal light and the solar corpuscular streams responsible 
for the geomagnetic distui'banees. In fact, Whipple and Gossner (loc. cit.) had 
hinted a possible ciontribution to the luminosity of the zodiacal light from the 
scattering of sunlight by a high concentration of free electrons in the solar corpus- 
cular streams. In this paper an attempt has been made to explain the variations 
of the brightness of zodiacal light, from a consideration of the behaviour of the 
material responsible for the phenomenon. 

Ill 

Allen (1944, 1946) identified the solar corpuscular streams with the coronal 
streamers through w^hich coronal matter is supposed to be forced out in the form 
of a jet, containing electrons and positive ions (mostly protons) in equal numbers 
so as to make the streamers neutral. The streamer becomes luminous as a result 
of the scattering of sunlight by the electrons in the streamer, the scattering due to 
protons being negligible. The visible portion of the streamer has been so far 
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traced up to 12 solar radii. Hewish (1955) has located them up to 15 solar radii 
by their scattering effect on the radiation from the radio star Taurus. The ex- 
tension of the streamers as far as thcearth is supported by geomagnetic and auroral 
effects. As the longest coronal str(;aiuers have been found to originate from the 
equatorial regions of the sun, where the M-regions are also believed to exist, it may 
be assumed that the streamers which are responsible for the geomagnetic distur- 
bances also originate from the equatorial regions of the sun. 

We shall now consider the behaviour of two groups of corpuscles which are 
likely to affect the earth: 

(i) Group I, having velocities greater than the 616 Km/sec., the velocity 
of escape from the surface of the sun. (For evidence of the presence of 
these corpuscles, see discussion by Sen Gupta and Mitra, 1954). 

(ii) Group II, having velocities at the titne of emission from the surface 
of the sun smaller than 616 Km/seo. 

Group I. Velocity of emission greater than 616 Km/sec. 

The corpuscles with these velocities describe parabolic orbits which at large 
distances make the emission appear almost radial. Chapman (1940) while consider- 
ing the relationship between the fast corjiuscles associated with solar flares and 
certain intense geomagnetic storms likened the cor})U8(*ular stream to a fire hojse 
rotating with the sun. The stream overtakes the earth from tlie western side 
and causes the geomagnetic disturbances. The earth is found to be affected 
only when the solar flare occurs within 40'" of the centre of the sun’s disc. 

The rotation of the sun enables the corpuscular stream to describe a volume 
having a section perpendicular to the ecliptic as given roughly by the broken 
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lines in figure 1 (in which the depression at the centre represents diminished 
activity at the higher latitudes of the sun beyond 40"). A few interplanetary 
dust particles are likely to be swt^pt with the corpuscular stream and will behave 
ill a similar manner. However, the probability of encounters with dust particles 
will be extremely small and negligible, unless the stream density is sufficiently 
high. The volume in figure 1 contains mostly protons, electrons and a few 
interplanetary dust particles. As the corpuscular stream diverges like a jet, the 
density will fall as r"^. Temperature diffusion may be neglected unless the 
temperature is of the order of 10^ "K or more. 

Group TI. Velocity of emission at the surface of the sun, smaller than 616 Kmisec. 

The emission of corpuscles having these velocities is likely to be a persistent 
feature even when the sun is (pjiet. The corpuscles describe Kepler orbits 
with the centre of force located in the sun’s centre. It may bo mentioned 
that Bredechin and Schaeberle (see van de Hulst, 1953) also believed such elliptical 
orbits to exist when they proposed a mechanical theory to explain the form of the 
streamers. The major and minor axes for a few cases are given in the following 
table in terms of R the radius of the sun. For (comparison the sun-earth distance 
may be taken as eciual to 200 R approximately. 

TABLE I 


velocity 


Km/so(*. 

'lit 

'Ih 

r»()o . 0 

2.9 

2.8 

(300. 

19.5 

8.6 

614.0 

154.2 

24.8 

614. r, 

206. I 

28.6 

615.0 

;ios.3 

36. 1 


It is S(^en that when the velocities approach the velocity of escape from the sun, 
the orbits become highly elongated and extend beyond the ecliptic. As the long 
coronal streamers emerge from the equatorial regions of the sun, we may infer 
that the more elongated ellipses have their major axes nearly parallel to the plane 
of the ecliptic. The planes of these ellipses will, however, be slightly inclined to 
the plane of the ecliptic so that with the rotation of the sun these elliptical jets 
will describe a volume having a section given by the broken line in figure 2 normal 
to the plane of the ecliptic. Interplanetary dust particles caught in these corpus- 
cular streams will have a tendency to concentrate within the volume. It may be 
mentioned that as the density of the corpuscles in these streams is not suffi- 
ciently high and the density of dust particles in interplanetary space is 
extremely small, the number of encounters will be very few and far 

between of the order of one in 10^ years (Opik, 1954). However, shice the 
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birth of the sun about 10^^ years ago (Jeans, 1938), the number of eneounters 
would be about 10^. We may therefore regard the formation of the 
volume, as an evolution of the system with the solar system. Tt is sug- 
gested that the zodifical light is caused by the scattering of photospheric radiatiou 
by the electrons and dust particles within this volmrie. Slower eorpusceles associa- 
ted with diminished solar activity at the higher latitudes would give rise to 
the depressed parts in the volume to the north and the south of the sun. Ex- 
cept for the depressions, which will not be noticeable from tlie earth the appear- 
ance of the volume is almost lenticular and accounts for the conical sha])e of the 
zodiacal light and its orientation along the plaiuj of the cc'liptic. The minor axes of 
Ihe ellipses, with limiting values of the order of 30 E or so, determine tin; thick- 
ness of the lenticular cloud. Due to t he inclination of the planes of tlu‘ ellipses to 
the plane of t he ecliptic, the t hickness of the cloud in figure 2 is likely to be about 
half this value , that is, 15 E or about .08A.U. If we allow for the divergence of 
the jets, which constitute these orlhts, at the boundaries the thickness of this 
cloud will be slightly greater and comparable with the estimate of van de Hulst 
(loc. cit). The dilution of electrons in tlui elliptical jet stream may be taken as 
proportional to that is, the fall in density du(‘ to divergc'uce will be partly 

compensated by the increase in density with diminishing velocity v towards 
the aphelion. If at the aphelion at 1 A.U. (is 200 E) of an elliptical stream, the 
density of electrons is taken as 600 cni"^, the densities at the aphelions of smaller 
ellii)ses may be calculated aiid compared wuth thos(' dediujcd by Behr and Sion- 
dentopf (1953) from photometric observations, as follows: 

TABLE 11 


Distance Density 

from Sun 0( 


200 

R 

— 

180 

R 

666 

160 

H 

750 

120 

R 

1000 

too 

R 

1 200 


DoiiBity us (icdiUM'd 
by ll(‘l»r and Si(‘(i(‘n- 
topf alon^ th(‘ plan*' 
oi Oie (H'bptic 

bOO 

780 „ 

000 „ 

1030 „ 

1070 „ 


According to the second column, the density is found to vary as r~^. A further 
fall in density due to temperature dilfusion may be neglected as in the case of 
Group I of the corpuscles. It has already betm stated that the most elongated 
ellipses extend along the sun’s equatorial plane. From (pialitative considerations 
the smaller ellipses, with axes iti dined to the sun’s eciuatorial plane may be taken 
to be confined within the dotted line. Hence the densities given in column 2 
above will be found to occur in spherical shells having the respetjtive radii given 
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in column 1 of Table 2 and limited by the dotted line of figure 2. However, 
due to the preponderance of largest number of elliptical streamers with their major 
axes almost parallel to the sun’s equatorial plane, there will be a tendency for 
the density of electrons to be highest near the sun’s equatorial plane diminish- 
ing towards the north and south. According to Elsasser (loc, cit.) the electrons 
are distributed in ellipsoidal shells with the axis of rotation passing through the 
sun’s centre perpendicular to the plane of the ecliptic. 

Ill the present treatment, the density distribution of the dust particles is 
supposed to be subject to encounters with the electrons and positive ions of the 
solar corpuscular stream. With every impact, the dust particles swept towards 
the earth will accumulate towards the aphelion with the result that there is a 
piling u[) of the dust jiarticles in the vicinity of the earth. The above consideration 
also shows that we need not take into account much higher velocities of Group II, 
as the dilution of ele(;trons in the stream associated with the highly elongated 
orbits may be too great to enable the scattered light to contribute materially to 
the luminosity. The transit from the ajihelion back to the sun brings about a 
reversal of the above process. The stream converges and the density of the 
electrons increases until the sun is reached. However, due to the increasing 
velocities of the stream, the density of the dust particles swept with it, may first 
diminish, and thereafter increases towards the perihelion. In this manner the 
interplanetary dust particles may he carried with the solar corpuscular stream into the 
sun, and provide at least partially, the energy, which causes the. high temperature of 
the corona. In the immediate vicinity of the sun, within a distance of about 0.1 
A. LI, the space is devoid of dust particles which are vaporized by the high 
temperature of the sun (van de Hulst, loc. cit.). 

Unlike the fast corpuscles of Group I, which clover the distance from the sun 
to the earth in 1 to 4 days (Sen Gupta and Mitra, loc. cit.), the slow corpuscles of 
the Group IJ would take several weeks in transit to cover the same distance. It 
lias already been suggested that the evolution of the volume in figure 2 contain- 
ing Group 11 corpuscles (electrons) and interplanetary dust particles account for 
the unvarying shape of the zodiac^al light. The effect of Group I corpuscles due 
to solar flares and M-region activity is superimposed on the above augmenting 
the number of free electrons in the volume (figure. 2), with the result that the zodia- 
cal light becomes brighter at the same time when geomagnetic disturbances occur. 
In a similar manner the advent of meteor swarms in the interplanetary space 
augments the number of dust particles and thereby brings about an intensification 
of the zodiacal light. Figure 2 represents conditions on September 5 when the 
earth has the highest heliographic latitude 7.3°. As may be seen from figure 2, 
the light axis of the phenomenon, which may be taken to coincide with the sun’s 
equatorial plane, is inclined at this time about 7.3° to the south of the ecliptic 
plane. 
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ABSTRACT. Tlu^ jwjpcM’ attompts to investigate the polarisation and asymmetry in 
pro ton -pro ton scattering with the assumption that the particles obey Dirac equation. The 
results obtaiiK'd explain qualitatively the main asj^ects of experimental observations. 

I N T R, O D U C T r O N 

Kcccnt expcriiiKMits on proton -proton scattering show that a beam of un- 
poiarised protons, after being scattered by a target consisting of unpolarised 
protons, become partially polarised in a direction normal to the scattering plane. 
This polarisation can be detected if we allow this beam to suffer a similar second 
scattering, then the differential cross section shows azimuthal dependence — left 
to right asymmetry. Various attempts have been made to find out what sort 
of spin-dependent jiotential would explain the occurrence of polarisation of an 
unpolarised beam of protons when they are scattered by themselves. Goldferb 
and .Feldman (1952) have compared the theoretical values of the asymmetry 
as calculated from the potentials of Christian and Noyes (1950), Case and Pais 
(1950) and Jastrow (1951). It has been found that the value of asymmetry 
with the tensor force of Christiaii-Noyes conies out to be 13% with L. S. model 
of Case-Pais 30% and the hard core of Jastrow gives 0.5%, whereas the experi- 
mental value of the asymmetry is 9.6i3.5%. It has also been observed experi- 
mentally that th(^ jiolarisation effect s in p-p scattering increase with energy and at 
moderate energies one obtains an asymmetry of the type sin 0 eos 0, deviations 
from which, however, are noticeable at higher energies. In some of the theoretical 
studies to explain polarisation, a complex potential, a part of which is spin depen- 
dent, lias been used. Breit (1955) has wxirked out an expression for the polari- 
sation in terms of the phase shifts S'l using a Hamiltonian with implicit dependence 
on the interaction between spins and coordinates. The expression takes up a 
simplified form if only S and P wave scatterings are assumed to contribute to 
the process. But Ids method of calculation of phase shifts does not suggest the 
explicit form of spin orbit dependence in the potential. 

In this paper the author calculates the asymmetry from a real potential using 
Dirac equation in a w ay similar to that adopted by Mott (1932) in electron scatter- 
ing. Our method gives a value 6.5% for the asymmetry and it explains broadly 
the different aspects of the polarisation data, 
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SCATTERING CROSS SECTION FROM DIRAC 

EQUATION 

The wave function ijr describing the scattering of particles which obey Dirac 
equation has four components which have the asymptotic forms 


0%kr 


= «A + -7 4>) ^ (A = 1, 2, 3, 4) 


The corresponding differentia] cross section is given by 

S|m\ (^, I 12 11^ 12 

<T(d,(f>)dia = - 1 — «i<i) = J- .?! rfo) 




l«sl*+ |«4l* 


... ( 1 ) 


... ( 2 ) 


We have neglected here the contributions of and which are small unless the 
energy of the colliding particles is comparable with the rest energy. 

The asymptotic forms of and for antiparallel spins are 


Vi's = S {(w+ 1 (?„+«. 1 t?_„_,}A”P„(cos 0). 


(3o) 


fi = 'L {-c.’’’'"+e*’’-"-i}*"P,\(coa^y)c''' 


... m 


where ( 7 „ and G_„-j represent the rtulial part of the solution for ^5";, and ^4 
obtained by Darwin (1928) and they have the asymptotic, forms 


~ ^ sin ( -| j 


... (4«) 
... (46) 


If we set, O,. = a„ where a = (IF—eF-f-wc*) it is found that ff„ satisfies 
r fee 


an equation of the Schrodinger form given by 

-f/„(r)} < 7 „ = 0 


dr^ 


... (5) 






where 


... ( 6 ) 
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and 


^^9 Kr) 


2WeV a' 3/a'\2 ,1 a" 

‘feV r' OL 4\a/ 2 a 


A similar result would be obtained for replacing nhy — w — 1. 

The corresponding expressions for scattered amplitudes for antiparallel spins 

are, 


SriO) £ {(«+l)(.*'’'«-l)+»(e“'’'-”-i-l)}p„(cos d) ... (8a) 
== f(0) (say) 

7,(«. <!>) ■ = { -e*'’''’-|-B*’’’-"-‘}pi(co8 ^)e'> ... (8b) 

= g{0)e'^^ (say) 

where r/,, denotes the phase shift of the scattered wave which is given by 

a» 

^ j 01 U„(r) dr ... (9) 

0 

being the solution of equation (5) with Uf^(r) = 0. Similarly, the scattered 
amplitudes for parallel spins would be given by 

and .^ 2 (^) = ... (10) 

The equations (S) show' that the scattered amplitude not only depends on 6 but 
also on 0 and if the beam which has undergone scattering on a target, is allowed 
to be incident on a second target, the intensity of scattering will not be the same 
for a fixed value of scattering angle in different azimuths i.e. for the same value 
of the scattering angle the intensity of scattering will be different for left and right 
sides. 

The relative polarisation which has been developed as a consequence 
of the first scattering is conventionally expressed by relative polarisation, 

P{0) = ^ where /« and /ign are intensities of scattering at 

ioH~-*i8o AA* -{‘Hn 

azimuthal angles 0° and 180°, Now, from the equations (8), we derive below the 
expressions for the intensity at the first scattering and relative polarisation. 
We can write down the expressions for scattering amplitudes /(0) and g(0,(f>) 
neglecting terms involving since it will in general be small at high energies 
particularly for values of n greater than zero, as such, we obtain 

/i(^) = i ^ »nd gi(d, 
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where u4 = 2i S{(n+l)iy^4-ti 0) 

and B = 2i 0) 

Similar calculations would give analogous expressions for IJ^O) and <p) for the 
second scattering. 

Therefore, the intensity of scattering for antiparallel spins for first scattering 
is given by 

+ S t/^}Pjj(cos 6>). P,Vcos 0) cos ^ | . 

n m J 

... (12a) 

Similarly the intensity of scattering for parallel spins for the first, scattering is 
given by 

— S 2 P„(cos 0) PI (cos 0) cos ...1 (12b) 

H m ) 

Hence the intensity of scattering for both parallel and anti -parallel spins is 


-^SS {(n+l)^„+i;_„_x}{i?_„_i->/„}P«(<’os)P,„(cos^/)cos95 1. ... (13) 

According to Paulies exclusion principle in proton -proton scattering only ^S,^P,^D 
and states would be present. Since contribution to ]:)olarisation for the 6^-state 
is zero we can assume that the polarisation is mainly due to triplet P scattering. 
The contributions of the D and F states would be small at the energies considered. 
For the /S state therefore no polarisation would be exhibited. For the P-state 
(n = 1) and also for the highr states {W, etc) the phase shifts are small and can 
be evaluated from the expression for given in equation (7). 
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Since 6''„(r) •^n+j(^^) 


OB 

therefore fi„ = — ^ j U„(r){J„+i{kr)}^r dr 

0 

... (14a) 

Similarly, 


OB 

V.„-t = - 2 j rJ-n-i{r){-f-..-i{kr)rrdr 

0 

... (14b) 

The expression for f^(r) given by (7) may be simplifierl as below before substituting 
it into (14a) or (h) for integration. The radial potential V(r) used in tlie expression 
for U,^(r) has been taken to be exyionential which of course has been obtained by 
Bhabha (1950) from meson field theory. Taking the interaction potential of the 
type have for the expressions of U(r) with the approximation 

___ ~-tV'(r) _ —tV\r) 

CL W -\-mc^—eV {r) IF+mc^ 


t7„(r) = ae~^'-\-be-^^'-{n-{-i)c 

r 

... (15a) 

and 17_„_i(r) = ae-^'+b e-2*»'+ 

r 

... (16b) 


where 




1 . u _ 

2 W ’ h'^c^ 4 (TF-j-mc^)^ 


and 


»' = ■*«) 


Substituting the value of V^J^r) given by (15a) in the integral for in 14(a) we have 


Vu = - 2 j {ae-^^-C'(w+l)^^'J {JnA^r)f r dr 


= o' I 

\ ~~2k^ 


a. c(w+l)n 

^ “2* ^"l 2** / 


(16a) 


(neglecting the contribution of the second term of (16) which is small) 
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when Qn is the Legendre function of the second kind and Q'„ is its first derivative. 
Similarly 


V-n-l 



... (16b) 


Exactly similar calculations may be made for calculating the values of phase shifts 
1 )!^ and rf -n-\ lor the second scattering and the value of relative polarisation may 
be calculated from a similar expression as given by equation (9) with and 
substituted for and V-n-i respectively. If P{0^) and P(d^) denote the relative 
polarisation in the two cases and if P(0i) — P{6.^) the asymmetry 2« which is ex- 
pressed as twice the product of the two values Of relative ]K>Iarisation is given by 

2c = 2P((9i) P(0.^) 2P2((9) 

L ■{(n+li 7 „+)?_„_iP F^(cos tl)4-{(n„— i/_„_,)Pi(cos(?)f J 

Since the value of relative polarisation for the /i?-state would become zero due to 
the zero value of the factor involving associated Legendre polynomial for n ^ 0 
let us calculate the value of the asymmetry for the /^-statc. The contribution to 
asymmetry for higher states may be neglected in view of the energy considered. 


EVALUATION OF THE PHASES AND C.’ A L 0 U L A T I O N S 
OF K E L A T I VE P O L A H I S A T J O N AND A 8 Y Af M E T R Y, 

IN THE STATE AT 230 M E V. 

In the state, n = 1, therefore the equation (17) for asymmetry becomes, 

= 2I cos (Vsiiwy V _ 

L {2Vi+V-iY^ <5os^ ^+{Vi—V-2y^ J 
Now from (16) we can evaluate f/,, and i}^n-i whose values are as lollows ; 

= 2.2 and = 1.7 

and hence the values of P(0) and 2e arc (for 230 Mev and 19" scattering angle in 
the laboratory system) 

= •18 (or 18%) 


2e = 2{P(e)Y = -065 (or 6*6%). 


DISCUSSION 

''npears from the investigation given above that the third term in the 
expression for U{r) involving n is most significant in giving a non-zero value of 
the polarisation. If the magnitude of polarisation is calculated for individual 
terms of the expression for U (r) we get the value of polarisation to be zero for all 


5 
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other terms excepting the third. If the calculations are carried out with the 
third term only the magnitude of the polarisation comes out very high and is 
independent of energy of the incident particle. The effect of the other terms, 
therefore is to lower down the magnitude of polarisation and to make it dependent 
on the energy of the colliding particles in the C.M. system. It appears from the 
expressions for polarisation and asymmetry given above that they increase with 
the increase of energy and this agrees with the observations. Further, the sin 6 
(!OS 0 symmetry which is observed experimentally is also apparent from the ex- 
pression for polarisation. Thus the investigation explains qualitatively the prin- 
cipal aspects of polarisation ob.served in proton-proton scattering experiments. 
The radial potential considered in this paper is a short range potential of the 
exponential type which has been obtained by Bhabha (1950) from field theoretical 
considerations of higher order meson field equations. The trend of the calculations 
exhibit that a spin dependent radial potential might increase the value of the 
polarisation and asymmetry a little higher and thus bring their theoretical values 
in (ilose agreement with observations. The calculations for the asymmetry and 
polarisation with spm dependent potentials like tensor forces are in progress and 
will be reported when ready. 
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TEST OF THE WORKABILITY OF LOTMAR’S POTEN- 
TIAL ENERGY FUNCTION. 

N. R. TAWDE AND N. V. GEJJI 

Department of Physk’s, Karnatak University, Dharwar 
{Beceiverf for publication, April 3, 1056) 

ABSTRACT. Lotmar, while examining some potential energy functions, found that 
the function of Rosen and Morse was b<‘tter than those of Morse and of Posehal and Teller. 
He, however, improved upon the function of Rosen and Morse. The condition for the work- 
ability of this improved function of l--otmar has bei^ii dcu’ived in this paper and it has beim 
tested in the ease of certain molecules. 

Kronig (1935) has suggested that when the Morse expression is inadequate, 
the potential energy in the ease of a diatomic molecule can be expressed by a more 
general expression like that of Rosen and Morse (1932). While Morse expression, 
wliich has been generally accepted as satisfactory for many purposes and has been 
experimentally verified as sucdi, no data is on record on the performance of the 
Lotmar’s (1935) expression, which is based upon that of Rosen and Morse. It 
is proposed to examine the workability of Lotmar's expression in the case of 
some molecules where the necessary accurate experimental data are available. 

Lotmar (1935) has examined the function of Morse, Rosen and Morse and of 
Poschl and Teller in the case of molecules HgH, CdH and Og and has concluded 
that the curves of Rosen and Morse are comparatively nearer the truth than 
those of the other two. On the basis of this conclusion, he started to improve 
upon the expression of Rosen and Morse, by introducing more (constants and it is 
this improved form of the function of Rosen and Morse that is attributed to Lotmar. 

The expression due to Rosen and Morse has the form: 

V^rjd) A tan2{r/d)— G seeV/^) ••• (^) 

while that due to Lotmar as noterl by Kronig is 

V(p) = - tanh ^ j = i aech2 ^ 

Lotmar ’s expression contains four arbitrary constants a, 6, c and d instead of the 
three constants A, G and d of Rosen and Morse s expression. 

The constants in (2) above, can be evaluated by using the quantities ii>^, 
p^; ccg, and M, experimentally determinable from the band spectrum 

analysis, 
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Comparing Lotmar’s expression with the following potential energy function 
of a diatomic molecule in power series, viz: 


(P-Pr)^+ 3 ? {p-Pe)^+-> 


... (3) 


relations have been obtained for Wg etc., in terms of the constants of this 
expression. Using (2) above, and going through the derivatives of various 
order, Kronig obtained the following results 

tanh ~ aj2h when p — Pf ... (4) 

a 

... ( 6 ) 

47rd(27rh®)i 


Sn^d 1 

r 

1 + 

i 

3o* \ 

46*/ 


- [ 

-24 


P" * 1(1 

L <Ug 


h \ 


(»-)■ 

Using relations (4) to (7), one obtains 


where 


# [ f 1 = A 

L " r ^ ^ J J 

, ^ 327r2d®if<o® 

‘ (4-x®)* 

X = ajb. 


From relations (9), (10) and (11), the constants a, h and d are determined. The 
value of c is obtainable from equation (4). It is, however, determinable only if 

{a 12b) < 1, as tanh | — Hence it follows that Lotmar’s expression is 

workable for plotting the potential energy curves for only such states of molecules, 
where the above condition (a/26 < 1) is satisfied. 

For putting the above condition of the expression to test in tactual oases, 
the molecules C 2 and N 2 were chosen as the spectral data on these for the various 
electronic states is at present in a crystallised state, 
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Applying the condition a 12b < 1, it was found that it could jiot be satisfied 
for all the electronic states. Only where the above condition holds that the V(p) 
value could be actually determined and the potential energy curves defined. But 
for many band systems, both the curves involved in transition were not obtainable, 
in order to determine the course of maximum transition probabilities for veri- 
fication with experimental observations. Hence the workability was examined 
in terms of the dissociation energy It was possible, by use of the expression 
(8) derived from Lotmar’s function, to estimate and compare it with approxi- 
mate values such as those obtained by extrapolation or other more precise data, 
wherever available. The following table is dmwn up for the known electronic 
states of C 2 and Ng, giving cases where the condition a 1 2b < 1 holds, with the 
values of the dissociation energy derived from the expression (8) and the 
corresponding available values. 


TABLE I 


Molooulo 

State 

Test of 
condition 
a /2h Cl 

Value of De 
derived from 
ox})rea8ion (8) 
in e.v. 

Extrapolated 

value 

De — l^oseXe 

in e.v. 

Available 
values of De 

Ca 

X37r« 

X 

7.48 

7. 15 

4.95,<2) 4.2,<'*> 


A3-irg 

* 

4.93 

G.03 



BSTTff 

♦ 

0.78 

0.93 




♦ 

7.25 

7.59 




X 

— 

0.6 



C^Vg 

* 

5.72 

0.42 




X 

— 

7.43 


N, 

XiS/ 

X 

13.48 

11.93 

9.76,<i> 7.37<3> 



* 

3.81 

4.70 

3.67^o> 


nsjr,, 

X 


0.44 

4.76^«> 


C»jr„ 

* 

7.20 

7.52 

2.29<«^ 


* indicates workability; X indicates non-workability 

(1) Gaydon, A. G., (1947). 

(2) Brewer, Giles and Jenkins, (1948). 

(3) Hangstrum, (1951). 

(4) Tawde, (1949). 

(5) Hendric, (1954). 

(6) Tables De Constantes (Union Int-emationale de Chimie) No. 4, 19.50, p. 204. 

A further test is applied for Lotmar^s expression in terms of the dissociation 
energy data in ground states, where they are available from either the thermo - 
chemical or atomic fluourescence methods for those molecules where the required 
spectroscopic constants are known. These are recorded in Table II. 
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TABLE II 


Molecule 

Extrapolated 

value 

J)(> — w^“/4oi>,>y'<‘p 
in c.v. 

I), by T.C. 
and 

A.F. methods 
in e.v. 

Workability 
of condition 
a/25<l 

De in e.v. 
according to 
Lotmar 
equation (8) 


7.15 

3.6, 3.85 and 
round about 5. 

X 

7.48 

CO 

10.85 

8.8 to 9.1 

X 

11.45 

Cls 

2.47 

— 

X 

imaginary 

HCI 

5.33 

4.43 

X 

6.08 

HI 

4. 16 

2.76 

* 

3.64 

HBr 

4.81 

3.6di.05 

X 

5.26 

N. 

1 1 . 93 

9.704 

X 

13.48 

Oj 

6.41 

— 

X 

6.93 


5.74 

4.4 

X 

6.14 

SiO 

7.91 

7.7 

* 

6.05 


* indiiMiti's workrtliility; X indicutos non-workability. 

T.(\ -- 'J'h(‘rmo-(dHunK*al mctbod; A.F. - Atomic fluorescornuj mothod. 

((raydon, A. U., 1947), 

It appears from the study given above that Lotmar’s expression has its limi- 
tations, viz., (1) it is applicable only in cases where the condition al2b < 1 holds, 
(2) it requires the knowledge of six molecular constants as against four of Morse. 
Hence it is not as universally usable as Morse’s expression. In the few cases 
where it satisfies the basic condition a/26 < 1, it leads to values of dissociation 
energy, which are nearer to true values than those based on methods of extra- 
polation (Dg = This happens only in a few cases as evident from 

Tables I and II, which also show that the expression succeeds better in excited 
states than in the ground states. In the latter states, only two cases are met 
with among those examined, which satisfy the condition (a/26) <1. In other 
cases (i.e. where the condition a/26 < I is not satisfied), the derived values of 
/><5 are far away and appear to be almost imaginary. Thus the expression has 
a very limited scope for appli(*.ation. 
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SPECTROSCOPIC CONSTANTS OF MOLECULES. V 
SIMILARITIES IN CONSTANTS OF DIFFERENT GROUPS 

Y. P. VARSHNI AND K. MAJUMDAIl 

Department of Physics, Allahabad University, Allahabad 
(Received for puhlital ion y November II, 1955) 

ABSTRACT. It is shown that of diatoms of ■ib — lb p;rouf>s arc linear with of 
forreaponding diatoms of 4b — 6b grouii. Otlinr constants viz., »nd 1),, arc also found 

to give similar results. The resemblances between the vibration frc(pu‘n(*it»s of correspond- 
ing halides of different groups have been jiointed out. 

I N T K O D LI T I O N 

The band spectral constants of a diatom are, to a very large extent, governed 
by the forces due to the valence electrons of its eoiistitueut atoms. Consider 
a diatom XY formed out of two atoms X and Y. Lot us rejdaoe Y by another 
atom Z, whose closed shell structure is the same as that of Y, and the number of 
valence electrons does not differ much from that of Y. If wo consider a series of 
molecules of JfY and XZ type, it is quite probable that the constants of the two 
series may be inter-related. Recently, Walsh (1951 ) has plotted the force constants 
of the diatoms of the 46-66 group against the corresponding diatoms of the 46-76 
group (76 group element having atomic number greater by unity than that of 66 
group element). He obtained a straight lino passing through the origin, indicating 
that the force constants are proportional. However, numerical cahndatious by 
Varshni (1953) showed that the ratio seems to vary as where F is the ioni- 
zation potential of the 46 group element. Mitra (1954) has studied the ioice 
constants of 36 — 76 and 46 — 76 groups on analogous lines. 

Parallel results are obtained if we investigate other constants. The plot 
of w, (46—76) against «>„ (46 — 66) yields a good straight line, not passing through 
the origin (figure 1). r<, and show a similar behaviour (figures 2 and 3). Only 
approximate values for dissociation energies arc available, which have been 
plotted in figure 4. 

The numerical results for (o^, and are recorded in Tables I, II and III. 
The equations for the corresponding lines are 

«>,(46— 76) = .662 0)^ (46-66)+26 ••• (1) 

10^, (46-76) = .6785 (46-66)+.1290 - (2) 

(46- 76) = .929r„ (46-66)-f .22 ••• 

For dissociation energies the spread of points is rather wide and it was not 

thought worthwhile to make the numerical comparison. 
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Fig. 1 



Fig. 2 
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DATA 

Sources same as in Part III, excepting where otherwise indicated below the 

tables. 


TABLE I 


46-66 

group 

obs. 

46-76 

group 

obs. 

(Oe 

calc. 

Percentage 

error 

CO 

2170.2 

CF 

1308 

1461.7 

(±11.6) 

CS 

1285.1 

CCl 

846 

876.8 

± 2.8 

CSe 

1036 

CBr 


710.8 


CTcj 

-.87.5 

Cl 


--604.1 


SiO 

1242 

SiF 

856.7 

847.1 

- 1.0 

SiS 

749.. 5 

SiCl 

635.4 

521.1 

- 2.5 

SiSo 

580 

SiBr 

426.4 

409 

- 3.5 

SiTo 

481.2 

Sil 


343.6 


GeO 

985.7 

GeF 

665.2 

676 

± 1.6 

UeS 

675.8 

GeCl 

407.6 

406.2 

- .3 

GeSe 

406.8 

GeBr 

296.6 

294.3 

- .8 

GoTe 

323.4 

Gel 


239. 1 


SnO 

822.4 

8nF 

.582.9 

.569.4 

- 3.1 

SnS 

487.68 

SnCl 

362.5 

347.8 

- 1.3 

SnSe 

.331.2 

8nBr 

247.7 

244.2 

- 1.4 

SnTo 

259.5 

8nl 


196.8 


PbO 

721.8 

PbF 

507.2 

502.9 

- .8 

PbS 

428.14 

PbCl 

303.8 

308.4 

± 1.6 

PbSo 

277.6 

PbBr 

207.5 

208.8 

± . 6 

PbTe 

211.8 

Pbl 

160.5 

165.2 

± 3.0 





Average 

± 1.6 


TABLE II 


46-66 

group 

agXe 

obs. 

46-76 

grouf) 

i^eXe 

obs. 

oalo. 

% error 

CO 

13.46 

CF 

10.86 

9.262 

-14.7 

CS 

6.5 

CCl 

1.0 

4.539 

(±353.9) 

CSe 

4.8 

CBr 


3.385 


CTe 


Cl 




8iO 

6.047 

SiF 

4.7 

4.231 

- 9.9 

SiS 

2.66 

SiCl 

2.20 

1.866 

-15.2 

SiSe 

1.78 

8iBr 

1.5 

1.337 

-10.9 

SiTe 

1.30 

Sil 


1.01 


GeO 

4.30 

GeF 

2.79 

3.05 

± 9.2 

GeS 

1.80 

GeCl 

1.36 

1.35 

— .7 

GeSe 

1.2 

GeBr 

.9 

.943 

± 4.8 

GeTe 

.75Ri 

Gel 


.638 


SnO 

3.73 

SnF 

2.69 

2.669 

- 1.2 

SnS 

1.34 

SnCl 

1.06 

1.038 

- 2.1 

SnSe 

.736 

SnBr 

.62 

.627 

± 1.1 

8nTe 

.60 

SnI 


.468 


PbO 

3.70 

PbF 

2.30 

2.639 

±14.8 

PbS 

1.20 

PbCl 

.88 

.943 

± 7.2 

PbSe 

.61 

PbBr 

.60 

.476 

- 5.0 

PbTe 

.12 

Pbl 

.25 

.210 

-16.0 


Average ±8.1 


Ri — ^Rosen (1951). 
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TABLE III 


46-66 

group 

re 

obs. 


46-76 

group 

re 

obs. 

re 

calc. 

CO 

1.128 


CF 

1.271 

1.268 

CS 

1.534 


CCl 

1.73 EG, 

1.64 

CSe 

1.735 eGi 

CBr 


1.83 

CTe 

1.935 

©G j 

Cl 


2.02 

SiO 

1.510 


SiF 

[1.603] 

1.62 

SiS 

1.929 


SiCl 

2.00 EGi 

2.01 

SiSe 

2.14 

eGj 

SiBr 

2.15 EG, 

2.21 

SiTe 

2.34 

eGi 

Sil 


2.39 

GeO 

1.651 


GeF 


1.75 

GeS 

2.06 

oGi 

GoCl 

2.08 EG, 

2.12 

GeSe 

2.19 

eGi 

GeBr 

2.29 EG, 

2.25 

GoTe 

2.39 

eGi 

GoT 


2.44 

SnO 

1.838 


SnF 


1.93 

SnS 

2.26* 

eRj 

SnCl 

2.32 EGi 

2.32 

SnSe 

2.37 

eGi 

SnBr 

2.44 EGi 

2.42 

SnTo 

2.57 

©Gi 

SnI 


2.61 

PbO 

1.922 


PbF 


2.0 

PbS 

2.395 


PbCl 

2.43 EGi 

2.44 

PbSe 

2.53 

©Ol 

PbBr 

<2.60 EGi 

2.57 

PbTo 

2.73 

oGj 

Pbl 


2.76 


* The reported experimental value is 2.06. However this seems to be too low (Rosen, 
1951). 

o-estimates 

E-electron diffraction values 

Gi—Ouggonhoimer (1946) 

Ri -Rosen (1951). 

DTSCUSSTON 

Excepting CF, the agreement between the observed and calculated values 
of o)g is good. The average percentage error, excepting CF, is 1.6. However, 
for the prediction of of heavier molecules, this exception need not concern us 
greatly. No experimental determination of of CBr, 01, Sil, Gel, and SnI 
have been made. The predicted values are given in the table. 

The average percentage error in case of is larger, being 8.1 (excepting 
CCl). This is understandable. Usually the values are not known with the 
accuracy that the values are known, specially in cases where only a limited 
number of bands have been observed. Further it should be remembered that the 
given errors are due to errors in both 46—66 group and/or 46—76 group. The ol - 
served value for CCl undoubtedly seems to be in error. 

Very limited spectroscopic data for are available. Most of the values art 
either from electron diffraction studies or only estimates. Nevertheless these 
values and the calculated values are quite close. 

In view of the fact that some of the dissociation energies may be in large 
errors, no definite conclusions can be drawn from the graph, though there are 
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indications of the linear relationship. The given figure has been plotted from 
Tferzberg’s values, which have been mostly obtained from Birge-Sponer linear 
extrapolation. Gaydon (1950) has pointed out that often this method gives much 
too high values. If the values recommended by Gaydon are used, however, the 
character of the inter-relation essentially remains the same. 

So far we have only considered the 46—66 and 46—76 groups. Very similar 
results are obtained for other groups for which data are available. The case of 
halides is very interesting. If we compare the of corresponding halides of 
16, 2a, 26, 36, 46 and 56 groups, we find that there are close resemblances in their 
vibration frequencies. Table IV gives the i*elovant data. We can also make 
predictions by these comparisons. 

It is evident that if the vibration frequencies of one of the groups are plotted 
against corresponding vibration frequencies of another group, straight lines with 
slope very nearly equal to unity will be obtained. 


TABLE IV. values 


2a - Ih 

Groups 

•lb -lb ^b-lb 

45-76 

,55-76 

BeF 

BF 

CF 

NF 

1265.0 

1399.8 

1308 

(1400)e, 

(1.300)eeoVr, 

BeCl 

BCl 

CCl 

NCI 

846.6 

8,39.12 

846 

(900)e©eV3 

BeBr 

BBr 

CBr 

NBr 

670eV4 

684., 31 

667oVi . 
670eV4, 
710eVo 

(69,3) 

BoT 

BI 

01 

NI 

< 580eV4 

,570oV4 

.563eV4, 

570eV4, 

(604)eVo 

eoocVft 

BoAt 

BAt 

OAfc 

NAt 

41)0e 

48 O 0 V 5 

500oVn 

500eV5 

MgF 

AIF 

SiF 

PF 

717.6 

814.5 

8,56.7 

(900)0, 

(950)eeV5 

MgCl 

AlCl 

SiCl 

PCI 

465.4 

481.3 

535.4 

(580)e, 

(700)eeVr, 

MgBr 

AlBr 

SiBr 

PBr 

373.8 

378 

425.4 

(460)0, 

(5,50)eeV5 

Mgl 

All 

Sil 

PI 

(312) 

316.1 

340eV4, 

360eV6, 

344eVo 

370eV5 
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TABLE IV — Continued . 


CuF 

022.6 

CuOI 

416.9 

CuBr 

314.1 

Cul 

264.8 


OuAt 

200ee 

AgF 

r>25eV4 

AgCl 

343.6 

AgBr 

247.72 

Agl 

206.18 


AgAl 
1 i)0eo 
AuF 
500o 
AuCl 

382.8 
AuBr 
230o 
Aul 
170e 

AuAt 
1 30eee 


MgAt 

280ee 

CaF 

087.1 

CaCl 

369.8 

CaBr 

285.3 

C«I 

242 


CaAt 

~200oe 

SrF 

500.1 

SrCl 

302.3 

SrBr 

216.5 

SrT 

173.9 


St* At 
--140ee 
BaF 

468.9 
BttCl 

279.3 
BaBr 

193.8 
Bal 
150e 
160eV4 
BaAt 
'^120eoo 


ZnF 
(630) 
ZnCl 
390., »» 
ZnBr 
280eV4 
( 220 ) 
Znl 

223.4 


ZnAt 
I 80 oV.t 
C dF 
(535) 
CaCI 

330.5 
CdBr 

230 

Cell 

178.5 


CdAt 

13(k-V5 

UgF 

490.8 

Hgc:i 

292.61 

HgBr 

186.25 

Hgl 

125.6 

HgAt 

OOeeVft 


AIAt 

28.5oVr. 

CaF 

623.8 

GaCl 

365 

GaBr 

263 

Gal 

216.4 


GaAt 
1856Vr. 
Ini' 

534 . 7 
InCI 
317.4 
liiBr 
221 

Inl 

177.1 


InAt 
145eVr. 
TIF 
475 
TlCl 
287.47 
TlBr 

192.1 
TIJ 
1 .50 

TlAt 

125eeVr, 


SiAt 

300eV:. 

GeF 

665.2 
G(^C3 

407.6 
GoBr 

296.6 

Gol 

230eV4, 
24O0V5, 
239eVn 
G('At 
2()0eVr, 
SnF 

582 . 9 
SnCl 

352.5 
SnBr 

247.7 

SnT 

195oV,, 

l!»7eV« 

HfiAt 

lOOoVr, 

rv>i' 

507 . 2 
PhCl 

303.8 
PhBr 

207.5 
Fbl 

160.5 

PbAt 

ISOf'OVr, 


PAt 

310oVr. 

AsF 

(700)eV., 

A8C1 

430tM^<»V5 

AsBr 

3l0e 

270i>oeVr, 

Asl 

240o. 

225eoVr, 

AsAt, 

20()oVr. 

SbK 

614.2 

8bCl 

369 

SbBr 

255o 

225oV| 

S}>1 

2 OO 0 , 

]75oV| 

SI) At 
IOOoVg 
BiF 
510.7 
Bi(’l 
308 
BiBr 
203.34 
Bil 
163.9 

BiAt 

ISOoeVc 


Notes on Table IV : 

If there are ‘n’ number of this signifies that the given estimated value depends 
on (n-1) previous estimations, ‘e’ not followed by any reference* indicatt's that the value 
has been estimated by the method described in this paper. 

Vj — Varshni (1953). 

V4 — Varshni and Majumdar (1955 III). 

V5 — Varslmi and Majumdar (1955 IV). 

Ve — Table I or II of this paper. 
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TABLE V. values. 


Groups 


16-76 

2a — 76 

26-76 

36-76 

46-76 

56- 


BeF 


BF 

CF 

NF 


9. 12 


11.3 

10.86 



BeCl 


BCl 

CCl* 

NCI 


5.11 


5.11 

1.0, 






4.54eV6 



BeBr 


BBr 

CBr 

NBr 




3.52 

3.87eV6 

5 


Bel 


B1 

Cl 

NI 


MgF 


AIF* 

SiF 

PF 


3.84 


8.1 

4.7 



MgCl 


AlCl 

SiCl 

PCI 


2.05 


1.95 

2.20 



MgBr 


AlBi* 

SiBr 

PBr 


1.34 


1.28 

1.5 



Mgl 


All 

Sil 

PI 




1.0 

l.OleVo 


OuF 

CaF 

ZnF 

GaF 

GeF 

AsF 

3.95 

2.74 

(3.5) 

3.4 

2.79 


CuCl 

CaCI 

ZnOl 

GaCl 

GeCl 

AsCl 

1.57 

1.31 

1,55 

1.1 

1.36 


CuBr 

CaBr 

ZnBr 

GaBr 

GoBr 

AsBr 

. 865 

.86 


.81 

.9 


Cul 

Cal 

Znl 

Gal 

Gel 

Ael 

.71 

.64 

.75 

.5 

.64oV„ 


AgF 

SrF 

CdF 

InF 

SnF 

SbF 


2.21 


2.56 

2,69 

2.77 

AgCl 

CrCl 

CdCl 

InCl 

SnCl 

SbCl 

1.163 

. 95 

1 .2 

1.01 

1.06 

.92 

Aglir 

SrBr 

CdBr 

InBr 

SnBr 

SbBr 

. 6795 

.51 

. 50 

.65 

.62 


Agl 

Sri 

Cdl 

Ini 

SnI 

Sbl 

.4327 

.42 

.625 

.4 

.47eV« 


AuF 

BaF 

HgF* 

TIF 

PbF 

BiF 


1.79 

4.05 

1.89 

2.30 

2.05 

AuCl 

BaCl 

HgCl^ 

TlCl 

PbCl 

BiCl 

1.30 

.89 

1.602 

1.24 

.88 

.96 

AuBr 

BaBr 

HgBr* 

TlBr 

PbBr 

BiBr 


.42 

. 975 

.39 

.50 

.468 

Aul 

Bal 

Hgl* 

TII 

Pbl 

Bil 



1.09 


.25 

.31 


* Anomalous 


76 


See notes below Table IV, 
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Notice the anomalous reported values of CCl and AlF.These undoubtedly 
seem to be wrong Mercury halides are also too high. However, these 
abnormal values seem to be real and indicate some special characteristic of mer- 
cury halides potential energy curves. The abnormal behaviour of of mer- 
cury halides has also been observed in connection with a relation between ta^x^ 
and which will be discussed in a later paper. 

In this paper and the previous two (Parts III and IV), we have investigated 
various regularities in vibration frequencies and found it possible to estimate 
them for molecules which have not been investigated so far, by several methods. 
In a way the different methods are complementary. We can make a good estimate 
of an unknown vibration frequency by comparing the predicted values by the 
different methods, giving due weight to the accuracy of each method. This 
may be illustrated by a few examples. 

CBr — The predicted values by the various methods are as follows: 

Walsh- Varshni (Varshni 1953) 667 

Part III 670 

Part V (Table I) 710 

Iso-electronic considerations (Part IV) support any value near these. 

Thus, considering the spread of the values, 690 would be a fair estimate. 

Bal— Part III 160 

Part V (Table IV) 150 

From force constant considerations we expect that 

A;^(BaI) < fc^(BaBr) 

ig(Bal) < k^(SvI) 

The value 160 does not satisfy both the inequalities, while the value 150 
does. Hence it is to be preferred. 

SnI— Walsh-Varshni 195 

Part III 190 

Part V(Table I) 197 

Here the estimated values by the three methods are very close, and we can 
expect that the correct value would not be far from 195. 

Thus we can draw up a critical list of unknown vibration frequencies. This 
would be given in a forthcoming paper in another connection. Before conclud- 
ing, a word of caution is necessary regarding the estimated values. These values 
depends on the values of other molecules which have been investigated. In some 
cases the observed values may be modified by later experiments and consequently 
the estimated values will also have to be changed. Some of the estimated values 



312 


Y. P. Varshni and K. Majumdar 


depend on values which themselves have been obtained by one or two previous 
estimates. Obviously in such cases the errors would be larger. Roughly speak- 
ing we may assign the following average probable errors: 


‘First’ estimated value (e) 

6% 

‘Second’ estimated value (ee) 

7% 

‘Third’ estimated value (eee) 

10% 
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RAMAN SPECTRA OF FROZEN SOLUTIONS OF TOLUENE 
AND BENZENE IN ALIPHATIC SOLVENTS* 
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Calcutta 
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Plate VIII A & B 

ABSTRACT. The Kaman spectra of frozen ^solutions of toluene in ethyl al(*ohol of 
strengths 81.5% and 35.4% and of benzene in solutions of ethyl alcohol (35.5%), cyclo- 
hexane (18%) and cyclohexanol (32%) at — I80‘'C have been studied. In the fi?-st two 
cases the spectra show a continuous wing accompanying thc^ Rayleigh line, thtTc^ biding a 
strong band at 95 cm"i in the first case. It has been pointed out tliat the band at 95 cm"^ 
in case of solution of strength 81.5% is probably formed by tlie coalescence of the two discrete 
lines at 86 cm"^ and 108 cin i found in the sjiectrum duo to pure tolu(*rio in the solid state 
at -“180'^C and that those lines are duo to vibrations in grou})s of tolueni; molecules formed 
by virtual linkages amongst neighbouring molecules some of wliich bi‘eak up into single 
molecules when the strength is reduced to 35.4% and that the continuous wing may bo due 
to oscillations in groups formed by association of toluene molecule with ethyl alcohol molo^ 
oulos. 

In all the spectra duo to the frozen solutions of benzene in different solvents at — 180'"0.' 
the now low frequency linos appear with the same intensities and at the sarnie iJositions as 
in the case of pure benzene in the solid state at —IHO^O. From considerations ol the relativij 
densities of the solvents and of the solute, the solubility and tlu^ persistenci^ of the low-frequency 
Haman lines with undiminished intensity in the sfa^ctra of these frozen solutions, it has boon 
concluded that th/sc lines are due to oscillations in small groups of molecules which are always 
present in concentrated solutions of the aromatic molecules in the solvents mentioned above. 


INTRODUCTION 

The Raman spectra of frozen noJutions of carbon disulphide in methyl 
cyclohexane and other aliphatic solveuts at — 180°C were first studied by Sirkar 
and Kastha (1965) and Kastha (1965). In the Raman spectra of these frozen 
solutions except in that due to the solution in methyl cyclohexane of strength 
about 29%, the new low frequency lines at 70 cm“^ and 81 cm”^ appear with 
intensities almost the same as in the case of pure carbon disulphide in the solid 
state. These two lines, however, were found to be totally absent in the Raman 
spectrum, due to 20% solution of carbon disulphide in methyl cyclohexane 

* Conuzumicatod by Prof. 8. C. 8irkor. 

313 


7 



314 


0. S. Kastha 


in the solid state (Sirkar and Kastha, 1955). It was concluded from these 
results that these two new lines cannot be due to angular oscillations of the 
molecules in the lattice of pure carbon disulphide crystals, because in the 20% 
solution also such oscillations with some other frequencies might take place and 
these would produce new lines at some other positions, but actually no such 
lines are observed. They further concluded from the observed results that these 
two lines are produced by oscillations in small groups of carbon disulphide 
molecules and that these groups break up completely in the 20% solution. 

It is well known that benzene and many substituted benzene compounds 
in the solid state yield strong new lines in the neighbourhood of the Rayleigh 
line. These new Raman lines of solid benzene were reported first by Gross and 
Vuks (1935) and they were studied under different conditions later by Sirkar 
(1936) and Sirkar and Ray (1950). It was pointed out by Sirkar (1936) that 
the lines might be due to oscillations in associated groups of molecules in solid 
benzene. Later he pointed out (Sirkar, 1937) that, in the case of crystals, of 
which the unit cell possesses a centre of symmetry, lattice oscillations involv- 
ing translations are forbidden, and therefore, the new lines cannot be due to 
any such lattice oscillations. Lattice oscillatiaons of angular type, of course, 
might produce these lines as supposed by Kastler and Rousset (1941) and 
Bhagavantam (1941) but from a study of the dependence of the intensities and 
position of these lines on temperature, Sirkar and Ray (1950) concluded that as 
the intensities of most of the lines of benzene do not diminish appreciably at 
lower temperature the lines cannot be attributed to such angular oscillations. 
Such a hypothesis can, however, be tested by studying the Raman spectra of 
frozen solutions of these compounds in suitable solvents. 

With this object in view, a programme has been undertaken to study the 
Raman spectra of frozen solutions of substituted benzenes in different solvents 
and the results obtained in the case of such solutions of benzene and toluene 
have been discussed in the present paper. 

EXPERIMENTAL 

The arrangement for photographing the Raman spectra of frozen solutions 
of benzene in different solvents, pure benzene and pure toluene in the solid state 
at low temperature was the same as that used by Majumdar (1949), The 
Raman spectra of frozen solutions of toluene in ethyl alcohol and of pure ethyl 
alcohol at — 180®C were photographed by using the arrangement described 
earlier (Kastha, 1954). 

The solvents used in case of benzene, were ethyl alcohol, cyclohexane and 
cyclohexanol, while in case of toluene only ethyl alcohol was used as a solvent. 
All these chemicals were of chemically pure quality and they were distilled 
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Repeatedly in vacuum before use. The solutions of benzene were sealed under 
vacuum in cylindrical pyrex glass containers. The Raman spectrum was photo- 
graphed in each case keeping the container always immersed in liquid oxygen 
during the exposure. The Raman spectra of pure benzene and pure toluene in 
the solid state at —ISO^C were also photographed under similar conditions. 

The solutions of toluene in ethyl alcohol of strength 35.4% and 81.5%, 
when frozen in sealed long containers of pyrex glass, were found to form trans- 
parent h'lmogeneous masses. The lower poriion of the container was immersed 
in liquid oxygen contained in a transparent. Dewar vessel of jiyrex glass, the 
bottom of the container being blown flat to 'aerve as the exit window. The 
container was held vertically and was illi^inated by two vertical mercury 
arcs. The scattered light corning out through the window at the bottom was 
reflected by a right-angled prism and focuss^ on the slit of the spectrograph. 
The Raman spectrum of pure ethyl alcohol in the solid state at — 180®C was 
also photographed in the same way. A Fuess glass spectrograph having a 

dispersion of llA/nim in the region A 4047A and Ilford Zenith plates were 
used to photograph the Raman spectra. 


RESULTS AND DISCUSSION 

T'he spectrograms due to pure toluene in the solid state and of frozen solu- 
tions of toluene in ethyl alcohol are reproduced in figures 1, 2 and 3, Plate I A. 
The spectrum due to pure ethyl alcohol in the solid state is also reproduced in figure 
4, Plate lA. The spectrograms due to pure benzene in the solid state and frozen 
solutions of benzene in different solvents arc given in figures 5 8, Plate VIIIB. 

The spectrogram due to pure ethyl alcohol at —180 C (figure 4) does not 
show any modified line or wing in the region between the Hg lines 4047 A and 

4077A. But it is seen from figure 2 that there is a continuous wing m this region 
with a strong band at a distance of about 95 cm”^ in the case of 81.5 solution 
but in the spectrum due to the 35.4% solution (figure 3) only a continuous wing 
is present. 

It is well known and can be seen from figure 1 also that in the Raman spec- 
trum of pure toluene at — 180°C there are discrete lines at 66, 86, 108 and 127 
cm-^ (Ray, 1950). The intensity of these lines are of the same order of magni- 
tude as that of the line at 1380 cm-i. As the frozen solutions of toluene appeared 
to be transparent, it is quite unlikely that crystals of pure toluene remained dis- 
persed in frozen alcohol in the frozen solutions mentioned above. Hence the 
band observed in the case of 81.5% solution at -180°C cannot be due to lattice 
oscillation in pure toluene crystals. Since in the case of pure alcohol in the 
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solid state no modified scattering is observed in the neighbourhood of the Ray* 
leigh line, the band at 95 cm“^ cannot be due to oscillation of the alcohol lat- 
tice. Also the band is found to be stronger than the line 1380 cm“^ due to the 
toluene molecule. From a comparison of the intensities of the lines 86 and 108 
cm“^ and 1380 cm*“^ in the Raman spectra of frozen toluene at --180°C it is 
found that the first two lines arc slightly stronger than the line 1380 cm~^. Hence 
it can be concluded that in the spectrum due to the frozen solution of strength 
81.5% the band at 95 cm“^ is produced by the coalescence of the two lines 86 
and 108 cm”^ of undiminished intensity, owing to increase in the width of the 
individual lines. These lines are therefore due to groups of toluene molecules 
formed by virtual linkages among neighbouring molecules. When the strength 
of the solution is diminished to 35.4%, some of these groups break up and the 
band disappears but a continuous wing persists. This wing may be due to 
groups formed by association of toluene molecules with ethyl alcohol molecules. 
These groups of molecules, unlike small crystals, do not produce inhomogenity 
in the refractive index of the solutions and hence these solutions appear to be 
transparent. 

The Raman spectrum of frozen solution of 35.5% benzene in ethyl alcohol 
at ~-l80®C (figure 6) shows that the prominent new lines at 53, 78, 95 and 134 
cm’^i of crystalline benzene have all appeared with almost undiminished intensity, 
although the spectrum of the light scattered only from the upper half of the frozen 
mass was photographed. This fact indicates the presence of benzene molecules 
in the upper half of the frozen solution. But it is evident that these molecules 
did not form small crystals, because such crystals would have settled down at 
the bottom of the container before the solvent was completely frozen. So the 
appearance of the new low frequency lines in the spectrum of this solution in 
the solid state suggest that these lines are produced by vibrations in small asso- 
ciated groups of benzene molecules as pointed out by Sirkar (1936). The alcohol 
molecules apparently are not able to break up these associated groups of ben- 
zene molecules as in the case of 81.5% solution of toluene in alcohol in the solid 
state. The fact that in the frozen state the solutions of toluene appear to be 
transparent while those of benzene form white mass, probably indicates that in 
the former case the associated groups are very small, while in the latter case, the 
molecules of benzene being smaller the groups are larger and cannot be broken 
easily by the solvent molecules owing to closer packing. 

The alternative interpretation of these results that when the 35.5% solution 
of benzene in ethyl alcohol was frozen, some of the benzene molecules were 
separated out in the form of crystals is improbable, because the solubility of 
benzene in ethyl alcohol being very high even at low temperatures at least a por- 
tion of the solution would remain dispersed in the fix>zen solvent and in that case 
the new lines in the low frequency region would be much weaker than those due 
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Kaman spectra of solid toluene and its frozen solutions in difTcrcnt solvents, 
tig. 1. Raman spectra of pure toluene in the solid state at— ISO C 

-• n solution of toluene rn cthvl alcohol at— IHO' C 

.. .. .. .. 

3) M pure ethyl alcohol in the solid State at— ISO'C 
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Raman spectra ot' solid ben/.ene and its frozen solutions in different solvents. 

Fig. o. Raman spectra of pure benzene in the solid state at — ISO^'C 
Fig. 6. „ „ ,, solution of benzene in ethyl alcohol at—lSfrC 

Fig. 7. „ „ „ « „ in cyclohexane at — 180"C 

Fig. X „ „ „ .•<2% „ „ „ in cyclohexanol at— 180“C 
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to pure benzene in the solid state. Actually, it is found that the new lines due to 
the frozen solution are not weaker than those due to the pure benzene as can 
be seen from a comparison of the intensities of these lines with that of the line 
1176 cm-^ 

The frozen solutions of benzene in cyclohexane of strengths 1S% and 28% 
at -~180°C are found to form translucent white masses. On comparing the Raman 
spectra due to 18% solution of benzene in eyelohexane (figure 7) and 32% solu- 
tion in cyclohexanol (figure 8) with the spectripn due to pure benzene in the solid 
state at ~-180°C (figure 6) it is found that all the prominent lines in the low- 
frequency region persist in the spectra of thfe frozen solutions at — 180®C. It 
has also been observed that the intensities aid positions of the low frequency 
lines in the Raman spectra of 25% solution of benzene in cyclohexane at — 180°C 
and 18% solution in cyclohexane at — 100®C ale the same as those observed in the 
spectrogram due to pure benzene in the solid state at corresponding temperatures. 
The freezing points of benzene and cyclohexane are 5.5°C and respectively 

and therefore it is improbable that when a dilute solution of strength about 18% 
was frozen all the benzene molecules crystallised out of the solution. Since 
the solution was gradually cooled, benzene would have crystallised out first and 
in that case the upper portion of the frozen solution would have contained very 
few benzene molecules. The spectrum scattered by this portion of the frozen mass 
does not reveal any change in the relative intensities of the new lines as compared 
to those in the case of pure benzene in the solid state. Hence, it is probable that 
in this case also the benzene molecules might have been present in associated 
groups rather than in form of small crystals. Similar arguments can be put 
forward also to explain the results obtained in the case of the frozen solution 
of benzene in cyclohexanol. Apparently, in these solutions as in the solution in 
ethyl alcohol the intermolecular field in the solvents is not able to break up the 
associated groups formed by benzene molecules. 

Thus these results furnish strong evidence in support of the view that these 
aromatic molecules exist in small groups in the liquid state, these groups break 
up only in suitable solvents at low concentrations. 
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THE ULTRAVIOLET ABSORPTION SPECTRUM OF 
PARA FLUOROCHLOROBENZENE. 

S. L. N. G. KRISHNAMACHARI 

Physics Department, Andhra University, Waltair 
(Received for publicalion, April 23 , 1956 ) 

In continuation of the work on the ortho- and nieta-fluorochlorobenzenes 
(author, 1955, 1956), the ultraviolet absorption spectrum of para-fluorochloro- 
benzene in the vapour was studied. There is no previous report on the ultravio- 
let absorption of this compound. The spectrum in the present investigations was 
photographed with path lengths of 25, 50 and 75 cms. and at different tempera- 
tures ranging from — 80°C to about +100°C. 

Two regions of absorption were observed : (1) a continuous one below 2150A 
and (2) a discrete one in the region 2940-2376A. These two regions merge 
together at higher vapour pressures. About 275 bands were measured in this 
discrete region. This system could be explained as due to the allowed electro- 
nic transition Ai—Bi. In accordance with this, a strong 0,0 band and over- 
tones and combinations of many totally symmetrical vibrations were observed. 
The strong band at 36276 cm“^ was chosen as the 0,0 band. Most of the bands 
were interpreted in terms of 6 upper state and 5 ground state frequencies. These, 
together with other data, are presented in the following table. On the red side of 
eachof the strong bands, satellite bands were observed with frequency separations 
of 33 and 90 cm“^, the former being more pronounced. The absorption spectrum 
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obtained with a path length of 50 cm and at — lO^C is reproduced in the adjoin- 
ing figure 1. 



Hainan data 
(Kohlraufloh, 11)47) 

Av Int ♦p 

U.V, absorj)tion data 

Ground Excited 

state Htat(? 
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379 

st 

42 

370 

343 (m) 

one of the e com» 
ponents of CoHy 

634 

ms 

64 

637 

563 (w) 

C 'Cl stretch 

817 

vs 

19 

815 

794 (St) 

C-C vibration 

1094 

St 

22 

1090 

1063 (ms) 

C-C vibration 

1227 

mw 

38 

1239 

1233 (m) 

C-F stnitcii 


♦Dotorminofl in tho prosont investigations. 
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ULTRAVIOLET ABSORPTION SPECTRA OF PHENYL 
ACETONITRILE, PHENYL ACETATE, PHENYL SALI- 
CYLATE AND MONOMERS STYRENE IN THE 
LIQUID AND SOLID STATES* 

i 

S. K. SEN 

'V 

Optics Department, Indian Association for jthe Cultivation of Science, 

Jadavfur, CALctrrTA-32 

(ReceivfA for publication April 21, 1956) 

ABSTRACT. Absorption spectra of phenyl ncctonitrilc, plumyl actitate, phenyl sali- 
cylate and monomeric styrene in the liquid and solid slates at low temperatures have been 
investigated and the results have boon compared with thow^ for va])our8 and for solutions of 
these substances. Absorption spectrum of phenyl salicylate in the vapour state has also 
been studied and the prominent bands havo been aHsignefl. 

In the liquid state phenyl acetonitrile gives five broad bands with the 0,0 band at 37844 
cin“^, while in the vapour state the 0,0 band i*-' t\l 38010 In the solid states at 180 C 

the 0,0 band shifts to 37917 cm-i and the excit^ed electronic state is found to bo split up into 
two components. 

Phenyl acetate in the liquid state yiedds four broad bands with the 0,0 band at 37554 
cm-i. The bonds do not seem to undergo any change with changes of state except that the 
bands become a little sharper at the low temperature. 

Phenyl salicylate in the liquid state gives a very broad band with the absorption edge 
on the longer wavelength side at 31306 cm-' taken as the 0,0 band. Tbo 0,0 band due U) the 
vapour state has been found at 36342 cm i. Thus major change is found to occur on the 
liquefaction of vapour. In the solid state at - ISOX' tbo spectrum gives four narrower bands 
with the 0,0 band at 31046 cm^i. 

The liquid state of monomeric styrene yields five broad bands with the 0,0 band at 34228 
cm- 1 while that for the vapour state is at 34761 cra-i . In the solid state at - 1 80“C. the 0,0 
band shifts to 34216 cm-i and the excited electronic state is found to be split up mto 
two components giving rise to thirteen bands. It has boon suggested that two types of mole- 
cules formed by two types of associated groups of molecules in the crystal may give nse to 
the splitting of electronic energy level. 

INTRODUCTION 

In a previous investigation (Sen, 1955) it was observed in the case of o- and 
p. tolunitrUes (ON C,H4CH8) that C = N as a substituent in the aromatic rmg 


♦ Communicated by Prof. S. C, Sirkar. 
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has got an influence on tlie electroiikj energy levels of the molecules in the state 
of aggregation different from that observed in the case of molecules having halogen 
atom as a substituent (Swamy 1952, 1953). It was observed that major change 
in the absorption spectra occurs Avith the li<iuefaction of vapours of both the ni- 
triles and the 0,0 baiifl shifts towards longer wavelengths with the solidification 
of the litpiids and lowering of temperature to 180°C, further shift towards 
longer wavelengths was observed in the case of the ortho compound, but no 
siu^h shift takes phuie in the case of para compound. In tolunitrile the C ^ N 
grou|;) is attac hed to the benzene ring. The influence of the introduction of C = N 
group in group of toluene on the ultraviolet absorption spectra of the 
coinpoujid in the state of aggre^gation is not known. Therefore, the ultraviolet 
absorj)tion spf‘ctra of phenyl acetonitrile (CgHgCHgCN) in the liquid and solid 
states have been studied in the present investigation. The results have been 
compared with those for vapour state rej)orted by Imanishi and Kanda 
(1949) and with those for other substituted toluenes re^ported by Swamy (1952, 
1953). 


The ultraviolet absorption vspectra of esters of benzoic acid in the liquid 
and solid states were studicul by Deb (1951, 1953). It was observed by him that 
although in the c^asc^ of halogen substituted benzenes the bands become sharp 
when the liepdds are frozen and cooled to —180^0, in the cjase of alkyl benzoates 
the bands remain almost as broad as in the c^ase of the liquid state when the lic][uids 
are frozen and cooled to — 180' C. These benzoates may be regarded as substi- 
tuted benzenes in which the substituent' is attached to th(i benzene ring through 
a (.-(/ bond. It was thought worthwhile to compare these results with those 
for esters of aliphatic acids containing CH 3 group and for esters containing two 
substituted benzene rings. Phenyl acetate and phenyl salicylate have been 
chosen for this purpose in the present investigation. The ultraviolet absorption 
spectia of phenyl acetate in the liipiid and solid states have been investigated 
and compared with those for the vapour and the solution in ether reported by 
Kato and Someno (1938). 

The absorption spectra of phenyl salicylate in the vapour state was not studied 
by any previous work(u\ So, the spectra of the compound in all the three 

states have been studied and the results have been discussed in the present 
paper. 

The ultraviolet absorption spectra of monomeric styrene in the liquid and 
solkl states weu‘ studied by Nikitana (1953) and he reported three bands in the 
liquid state which split up into twelve narrow bands in the solid state at — 195®C, 
the continuous spectrum being resolved into seven wide bands. The original 
Russian journal being not available, it is not also known whether the results of 
absorption spectra of the liquid and solid states have been compared with those 
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for the vapour state in order to find out whetlier in the ease of this substituted 
benzene containing a C - C group in the substituent, tlu* inf]n(>n('e of interinole- 
cular field is the same as in other substituted benzenes in the solid state at low 
temperature. So the absorption spectra of nionoineric styreiu' in the litjuid and 
solid states have been reinvestigated and the results have been compared with 
those for the solution in cyclohexane reported by Kob(‘itson, Music ajid Matsen 
(1950) and that of vapour state? report ed by Morgan (19r>;i). 

K X P K H I M 15' N T A L 

Chemically pure samples of phenyl ^etonitrile and pluMiyl ac(‘tate s })- 
plied by Fisher Scientific CO., (U.S.A), phinyl salicylate supplied by E. Merck 
(Germany) and styrene monomer supplie|l by the T)(‘|)artiuent of Physical 
Chemistry of this Association*, were distill^ four times undei' leduced pn'ssure 
before lieing used in the present invest igalfioji. 

The experimental set up is the same as that em[)loycfl in an earlier investi- 
gation by the author (Sen, 1955). Spectrograms were taken on HP hirns with 
a Hilger El quartz spectrograph having a dispersion of 3 AU peT )nm in the n'gion 
2600°A. The absorption spectrum of phenyl salicyla1(‘ in the va]H)ur state was 
photographed using an absorption tube of length 50 (*m ar)d diarjjcler 14 mm, 
quartz windows being cemented to th<‘ tube with Araldit(\ An ex])osure of 10 
minutes was required to record the spectra for the ii(|uid, whilt* that Ibi’ th(‘ spectra 
of the solid at — ISCC was one hour. The spectrum of phenyl salicylate in the 
vapour state was recorded with an cx])osure of one and a half hours. In the 
case of li(piid and solid states thin films of thickiu^ss l(‘ss than .01 m.m. vere 
used. 

Iron arc was photogra])hed on each spectrogram as comparison. Micro- 
photometric records were obtained with a self-recording microphotometer supp- 
plied by Kipp & Zonen. The frequencies of the bands were measured from these* 
records in which the record of two known iron lines were taken as r(*fer(*nc(* lines. 
The microphotometric record of the iron lines was used as cojuparison. 


R E S IT L T S 

The spectrogram of the vapour state of phenyl salicylate is reproduced in 

figure 1. 

The microphotometric records of the R}»ectrograms dm* to the substances 
in the liquid and solid states are given in figures 2. 3. 4 and 5. The frecjuencies 
of the bands are given in the Tables J, II, IT f, IV and V with approximate relative 
intensities indicated as strong, medium, weak etc. 

♦The author’s thanks are due to Professor S. K, Paht for sui)i)lying the monomer after 
purifying it. 
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Li —0 + 216 + 482) 
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|.. — 0 + 216 + 938x2 

—0 + 938x2 
•J — 0-1 482x2+783 

• I 

0-1-783 X 2 
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-0 + 988 
-O-f 938 
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H — 0 1^725 
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- 0,0 


- 0-200 
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Fig. 1. 

Ultraviolet absorption spectrum of 
phenyl salicylate vapour at 60®C. 
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36000 37000 38000 39000 40000 cm-i 

Fig. 2. Microphotometric records of the ultraviolet absoiption spectra of phenyl acetate. 
Curve (a) -Solid at — 180°C. Curve (b) -Liquid at 30®C. 



30000 31000 32000 33000 34000 om-i 

Fig. 3. Microphotometric records of the ultraviolet absorption spectra of phenyl saliqrlnte. 
Curve (n)-Solid at — 180°C. Curve (b)-Liquid at 42°C. 
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37000 38000 39000 40000 41000 

V ill cm-i 

Fig. 4. Microphotomotric records of the ultraviolet absorption spectra 
of phenyl acetonitrile. 

Curve (a)-Solid at — 180°C. Curve (b).Liqutd at 32®C. 


\ 



V in cm"i 

Fig. 6. Microphotometric records of the ultraviolet absorption spectra of monomeHc styrene. 
Curve (a) -Solid at ~180®C, Curve (b) -Liquid at S0®C. 
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TABLE I 

Absorption bands of phenyl acetonitrile in the liquid and solid states 



Liquid at 32”C 


Solid at 

-180%^ 


Wave No 

cm“A 

Difference 
from 0,0 
band 

Assignment 

Wave No Design 
in nation 

Assignment 

37316 (vw) 

-628 

0-528 

37404 (ms) 

B„ 



37844 (B,b) 


0,0 

87917 (a) 

Ao 

513 


38713 (vB.b) 

869 

0 1 869 

88313 (w) 

Bi 

Bo 

-1-909 

39590 (a.b) 

1746 

0 + 2x869 

38826 (s,b) 

A, 

Ao 

+ 909 

40452 (ms, b) 

2608 

0 + 3x869 

39219 (w) 

Bo 

B« 

+ 909x2 




39727 (a, b) 

Ao 

A() 

) 909x2 




40138 (w) 

B, 

Bo 

J- 909 X 3 




40634 (ms) 

A.q 

Ao 

+ 909X3 


TABLE IT 

Absorption bands of phenyl acetate in the liquid and solid states 


Liquid at 30®C 



Solid at -180H1 


Wave No 
cm-i 

Difference 
from 0,0 
band 

Assignment 

Wave No 
cni'i 

Difference 
from 0,0 
band 

Assignment 

37654 (s, vb) 


0,0 

37556 (8, b) 


0,0 

38244 (w, vb) 

690 

0+690 

38247 (w, b) 

691 

0 + 691 

38494 (8, vb) 

940 

0 + 940 

38496 (8, b) 

940 

0+940 

38938 (w, vb) 

1384 

0+690x2 

38939 (w. b) 

1383 

0 + 601x2 

39436 (w, vb) 

1881 

0+940x2 

39426 (w, b) 

1870 

0+940x2 
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TABLE III 

Absorption bands of phenyl salicylate in the vapour state at 60®C 


Wave No 
cm-i 

Difference 
from 0,0 
band 

Assignment 

Wave No 
cm~i 

Difference 
from 0,0 
band 

Assignment 

35831 (w) 

-511 

0-611 

37125 (s) 

783 

0+783 

36012 (w) 

-330 

0-330 

37280 (8) 

938 

0+938 

36142 (w) 

-200 

0-200 

37330 (s) 

068 

0 + 988 

36180 (w) 

-162 

0-162 

37618 (ms) 

1276 

0+482+783 

36256 (ms) 

-86 

0-86 

37768 (ms) 

1416 

0+482+938 

36289 (ms) 

-63 

0-53 

37917 (ms) 

1675 

0+783x2 

36342 (s) 


0,0 

38083 (w) 

1741 

0 + 482x2 + 783 

36558 (ms) 

216 

0 + 216 

38219 (w) 

1877 

0+938x2 

36607 (ms) 

265 

0+265 

38313 (w) 

1971 

0+988x2 

36824 (s) 

482 

0 + 482 

38433 (w) 

2091 

0+216-1 938x2 

37067 (ms) 

725 

0 + 725 

38656 (w) 

2214 

0+216 + 482 + 726 
+ 783 


TABLE IV 


Absorption bands of phenyl salicylate 

in the liquid and solid 

states 

Liquid at 42°C 

Wave No 

Difference 
frwB OiO 
band 

Assignment 

Broad band extending from 

31046 (s) 


0.0 

3199.5^ A (31245 cm-i) to 

31897 (ms) 

861 

0+851 

3021 A (33092 cm-i). The aborption edge on 

32766 (w) 

1709 

0+861x2 

o 

the longer wavelength side at 3193.3 A 
(31306 omr^) taken as the 0,0 band. o 

— Transmission in the region between 2981 A 

(33536 cm~l) and 2666A (37498 cm-i) and 
continuous absorption thereafter. 

33596 (w) 

2549 

0+861x3 
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TABLE V 

Absorption bands of monomeric styrene in the liquid and solid kates 



Liquid at 30°C 

Solid at 

~180^C 

Wave No 
om~i 

Difference 
from 0,0 
band 

Assignment 

Wave No 
cm-i 

Desig- Assignment 
nation 

34228 (b) 

— 

0.0 

.34216 (v8) 

Aa 


36224 (8) 

996 

0+996 

34637 (8) 

Bo 

42^ 

35476 (ms) 

1247 

0+1247 

35172 (8) 

Ai 

Ao+957 

36223 (w) 

1995 

0 + 996x2 

' 35434 (8) 

A- 

Ao + 1219 

36726 (w) 

2498 

0+1247x2 

' 35509 (ms) 

A:» 

Ao + 1294 




36589 (ms) 

Bi 

Bo 1 957 




35864 (w) 

B, 

Bo + 121» 




35934 (w) 

Ba 

Bo 1294 




36123 (ms) 

A4 

Ao f 967 X-2 




36399 (ms) 

A 5 

Ao 1 957 + 1210 




36549 (w) 


Bo + 957 x2 




36646 (w) 

Ao 

Ao-h 1219x2 




36821 (w) 

Hr, 

Ho 1 957 + 1219 


DISOU«SION 
Phenyl acetonitrile (CgHgCHgCN) 

The ultraviolet absorption spectrum of phenyl acetonitrile in the vapour 
state was studied by Imanishi and Kanda (1949) and the bands were classified 
according to the following series: 

V == 38010+930w'+395«;'— (765w^"+14r>a:") 

The intense band at 38938 cm“^ was not taken by them as the 0,0 band but it 
was assigned to 1,0 transition. In the present investigation, the liquid state 
yields five broad bands with the first band at 37316 cm-^. This band is probably 
due to a i;— >0 transition; if this weak band is taken as the 0,0 band, succeeding 
bands cannot be assigned properly. So the band at 37844 cm~^ is taken as the 
0,0 band and a progression of excited state frequency 869 cm""^ is observed. The 
0,0 band is found to be shifted by 166 cm-i towards longer wavelengths from 
its position in the vapour state, probably due to formation of virtual bonds which 
lowers the excited electronic energy state. The excited state frequency 930 
cm”^ observed in the case of the vapour corresponds to the frequency 869 cnl"”^ 


2 
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in the excited state in the case of the liquid. In the case of the solid at low tem- 
perature eight bands are observed of which the first band on the longer wavelength 
side at 37404 cm”^ is weaker than the second one. It is found that all the bands 
cannot be assigned properly by taking this band as the 0,0 band, but if both the 
first and the second band are taken as the 0,0 band, all the bands are assigned 
and we get a progression of excited state frequency 909 cm“^ Thus in this case 
the excited state energy level is split up into two components. The cy nogen group 
is thus responsible for this splitting, but the 0,0 band does not shift very much 
with solidification of the liquid. 

The weak band on the long wavelength side of the principal band marked. 
Aj, (figure 4) is at a distance of 513 cm“^. The latter weak band cannot be due 
to i;->0 transition as the large distance does not permit of molecules present in 
the excited state to have this mode of vibration. Also there is no strong band 
in the vapour state corresponding to this transition. The excited state frequency 
909 cm~^ found in the case of the solid at — 180°C, is larger than 869 cm*-^ ob- 
served in the case of liquid. While the frequency 395 cm“^ observed in the case 
of the vapour is completely absent in the spectra due to the liquid and solid states, 
the aromatic ring vibration frequency seems to predominate in the excited state. 
Splitting of electronic energy level into three components was observed in the 
case of 0-, w-chlorotoluenes, o-dichlorobenzene and o-bromotoluene by Swamy 
(1952, 1953). One of the two weak components was found to be on the longer 
wavelength side of the principal band in the case of o-chlorotoluene and o-dic hloro- 
benzene just as the weak component in the present case, but in the case of r/?- 
chlorotoluene and o-brornotoluene both the weak components were on the longer 
wavelength side of the principal band. 

Phmyl acetate (CH3.COO C3H5). 

The absorjition spectrum of phenyl acetate in the vapour state was st udied 
by Kato and Someno (1938). With the 0,0 band at 37500 cm“^ the principal 
bands were assigned to progression of excited state vibration frequency 963 cm"^. 
The bands were found to be broad and diffuse. In the present investigation the 
liquid state yields five broad bands represented by progression of excited state 
frequencies 690 cm“^, 940 cm~^. The 0,0 band of the liquid is at 37554 cm'^ 
So the 0,0 band does not shift very much with liquefaction of vapour. This 
indicates that the intermolecular field has very little influence on the electronic 
energy state in this case. The frequency 963 cm-^ found in the vapour state cor- 
responds to excited state frequency 940 cm~i in the liquid state. In the solid 
state at — 180°C, the substance yields almost the same spectrum as in the liquid 
state except that the bands become a little sharper at low temperatures. The 
rotational freedom of the 0 — C = CHg group about the C— 0 bond may be res- 
ponsible for the broadening of the bands in the vapour and liquid states. 
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In the case of solution of phenyl acetate in ether, three bands were reported 
by Kato and Someno (1938), the bands being at 37,700 cm 38,500 and 
39,300 cm-i with the frequency difference of 800 cm-i between successive bands. 
If this band at 37,700 cm ^ is taken as the 0,0 band, it is shifted by 146 cm""^ 
towards shorter wavelengths from its position for the liquid phase. This shift 
and the change in the excited -state vibration frequency show that the intermole- 
cular field of the solvent exerts some influence on the electronic state of the 
molecule. 

If these results are compared with thosa due to esters of benzoic acid (Deb, 
1951, 1953), it is found that in the latter case the shift of the 0,0 band with change 
of state is much larger. Thus it appears th^t when the substituent in the ben- 
zene ring is connected through a C-C bon^ to the ring, the iiitermolecular 
field in the state of aggregation has a large influence on the electronic state but 
when it is connected through a C — O bond, the influence is small 

Phenyl salicylate {HOCflH 4 COOCeH 5 ) 

The absorption spectrum of phenyl salicylate in the vapour state has not 
bcicn reported by any previous worker. In the spectrum of the vapour obtained 
in the present investigation the intense band at 36342 cm“^ has been taken as the 
0,0 band and assignments have been made only of the prominent bands. On the 
longer wavelength side of the 0,0 band there are some weak bands represented 
by transitions 0 — 162, 0—200, 0—330, 0—511 cm“^. These vibrational frequen- 
cies correspond respectively to the Raman frequencies 163,191, 326, 504 cm”^ 
(Magat, 1936). The two bands on the longer wavelength side of the 0,0 band 
represented by transitions 0 — 53, 0—86 cm"^ are due to v— transitions. The 
bands have been assigned to progression of exented state vibration frequencies 
216, 265, 482, 725, 783, 938, 988 cm“^ and their combinations. The liquid state 
yields a very broad band extending from 31245 cm“^ to 33092 cm~^. Further, 
the spectrum due to the liquid shows transmission in the region between 33536 
cm“^ and 37498 cni’"^ and thereafter continuous absorption. If the absorption 
edge on the longer wavelength side at 31306 cm“^ is taken as the 0,0 band, the 
spectrum shows that the 0,0 band shifts by 5(m cm-^ towards longer wavelengths 
from its position in the vapour state. Such a large shift towards longer wave- 
lengths shows that owing to very strong association of molecules in the state of 
aggregation, there is a huge change in the excited electronic energy state. When 
the liquid is frozen and cooled to -180^C, the broad band exhibited by the liquid 
state splits up into four narrower bands and the 0,0 band shifts further by 260 
cm”"^ towards longer wavelengths from its position in the liquid state. As the ex- 
cited state frequency 851 cm~^ is observed in the spectrum of the solid in place 
of 938 cm-i for the vapour state, the intermolecular field has greater influence 
on this frequency in the solid state than in the liquid state* 
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Thus we find that in the case of the ester containing two substituted benzene 
rings the influence of intermolecular field on the positions and the widths of the 
bands and on the excited state vibration frequency is very large. 

Monomeric styrene (CflHg— CH = CHg) 

ThjB ult;:;ayiqlet absorption spectrum of monomeric styrene in the vapour 
state was studied by |dorg^n (1953). The 0,0 band was observed to be at 34761 
cm“i and the bands were assigned to progression of excited state vibration 
frequencies 148, 478, 746, 948, 959, 1024, 1209, 1300, 1486 cm-^ The liquid 
state, in the present investigation, yields five broad bands. The 0,0 band is at 
34228 crh“^ and th‘^ successive bands are represented by progression of excited 
state frequencies 996 cm^^ and 1247 cm“^. Evidently, the two bands at 959 
and 1024 cm“^ become broad and merge into one another to form the broad 
band at 996 cm^^ in the case of the liquid. Similarly the frequency 1247 cm~^ 
may be the mean of the two frequencies 1209 cm“^ and 1300 cm~^ observed in 
the case of the vapour. The 0,0 band of the liquid state is at a distance of 633 
cm”^ towards longer wavelengths from its position in the vapour state 

The bands in the spectrum of the solution of the substance in cyclohexane 
reported by Robertson and others (1960) are at 34364, 35387 and 36485 cm-^ 
If the 0,0 band of the spectrum is assumed to be at 34354 cm“^, it is found to be 
shifted towards shorter walvelengths by 126 cm""^ from its position in the spec- 
trum of the pure liquid. The successive bands of the spectrum of the solution 
can be assigned as ^0+1033, i'o+2 x 1033 whereas frequencies observed in the pure 
liquid spectrum are 996 cm“^ and 1247 cm“^. The shift of the bands and the 
change in excited state frequencies mentioned above furnish strong evidence 
for the existence of strong influence of the solvent molecules on the energy state 
of the molecule. 

With the solidification and lowering of temperature to — 180°C the 0,0 
band of the pure substance shifts from 34228 cm“^ to 34215 cm”^ and it is spilt 
up into two components of unequal intensities. The weaker component marked 
Bq is on the shorter wavelength side of the principal band marked Aq (figure 6). 
Assignments have been made on the assumption that electronic energy level is 
split up into two components. Accordingly, as mentioned above, in place of 
five bands given by substance in the liquid state, thirteen bands are observed in 
the case of the solid state at *—180^0. The splitting of the 0,0 band is probably 
due to the formation of virtual bonds between neighbouring molecules in the 
solid state* The very appearance of the two components suggests that two 
different types of molecules produce the two components and these two t 3 rpe 8 
of molecules are probably produced by formation of the two types of associated 
groups of molecules in the crystal. It cannot be indicated clearly how such dif- 
ferent types of associated molecules are formed unless the crystal structure is 
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(letermined accurately. The excited state frequencies observed in the solid state 
are 957, 1219 and 1249 cni"^ and correspond to the frequencies 959, 1209 and 
1300 cm“^ respectively found in the spectrum due to the vapour state. So, 
these frequencies do not undergo much change with change of state in this case. 

Four low frequency Raman lines were reported by Roy (1954) in the solid 
state of the monomer at — 180°C. The appearance of these low-frequency 
Raman lines may be explained by assuming them to be doc to vibrations in 
associated groups of molecules mentioned ab^ve. 
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ABSTRACT. Tlio absorption spectrum of uranyl acetate was analysed as consisting 
of two systems involving two transitions from two excited states to a common ground state. 
The separation between these two excited states was found to be v 1839 cm-* or 0.228 e.v. 
System I was explained on the basis of a (0,0) band at r 20589 cm 3 and two iipj^er state funda- 
mentals 735 and 36 cm~3 and three lower state fundamentals 856, 210 and 30 cm-*. Sys- 
tem TI was explained on the basis of a (0,0) band at p 22428 cm 3 and the upper state funda- 
mentals 711 and 212 cm-* and the ground state fundamentals 841 and 228 cm-3. 

• 

1 N T R O O U C T J (1 N 

The 8y)ectro8copic properties of uranyl salts have been investigated by a large 
number of workers from time to time. Significant experimental work has come 
from Nichols and Howes (1919) on both fluorescence and absoywtion syjectra with 
some suggestions on the regularities in the spectra. Van Heel and Dieke (1925) 
suggested that the bands arise out of eleetronic-vibrational transitions in the 
uranyl radical. Further attempts by Van Heel (1925) for a derailed interpretation 
were not of much significance. The study of R-aman and infrared spectra by 
Conn and Wu (1938) and Satyanarayana (1942) established three fundamental 
frequencies in the ground state 860, 930 and 210 cm“i and a bent structure for the 
urany Iradical (Cgr yioint-group). Pant (1945), analysed the fluorescence spectra 
of some simple uranyl salts and arrived at the conclusion that the bands arise 
out of a transition from a single uyiper electronic state to vibrational levels in 
two closely lying lower states. Freymann etc. (1946) carried out analysis of uranyl 
acetate bands and interpreted them as involving only two states. In 1949, Dieke 
and Duncan have published an extensive report on the spectroscopic properties 
of uranium compounds in which we do not find some simple uranyl salts like 
acetate. In 1950, Pant published the analysis of some uranyl salts on the 
same lines, as in his analysis of the fluorescence bands. He disputed the analysis 
of Van Heel and Freymann etc. on various experimental grounds. In view of the 
extremely controversial nature of the analyses of the various workers mentioned 
above, it w^as felt worthwhile to investigate these spectra thoroughly and indepen- 
dently, using our own experimental data. Investigations were made on the 
absorption spectra of uranyl acetate and uranyl nitrate and the data were com- 
pared with those of Nichols and Howes, those of Freymann and also those due to 
Dieke and Duncan (nitrate). We find that our data, in general, are in good agree- 
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meat with those of Nichols and Howes and of Dieke and Duncan. The values 
of Freymann and others are generally found to be slightly higher than ours. 

The analysis of these bands has been attempted mainly depending on the 
features like grouping, intensities, and sharpness of the bands. It is well known 
in the near ultraviolet absorption spectra of the aromatic molecules, the pattern 
of the bands plays an important role in the analysis. As a result of this effort 
on our part, we analysed these bands into two systems, the one with a (0,0) at 
V 20589 cm~i and the other (0,0) at v 22428 cm-^ with the possibility of a com- 
mon ground state. The analysis and its justification and the reasons for our 
preference of our analysis over others are presented below. 

EXPERIMENTAL 

Absorption spectra are taken at the liquid air and room temperatures with 
a variety of path-lengths. 

The experimental set-up consists of a brass rod with a rectangular slot in the 
middle, in which a small glass cell containing the salt is placed tightly. The cell 
is made of two small rectangular glass plates cut to the size of the slot. Two 
small holes are bored in the rod at the middle of the slot, one to allow the inci- 
dent light and the other the transmitted light. The source of continuum is 
1000 watt tungsten lamp. The brass rod is suspended by means of a wire into 
liquid air contained in a transparent Dewar flask. The spectrum is photo- 
graphed with the help of a Fuess spectrograph (24 A.U. per m.m. at A4500) 
using Ilford Selochrome and Panchromatic plates. 

The fluorescence spectra, for the present, are taken only at the room tempera- 
tures. Mercury arc was used for the excitation. 

Description of the hands (figure 1) 

It is well known that the bands of the uranyl salts appear sharp and distinct 
only at low temperatures. In figure 1 (a), the bands obtained at the liquid air 
temperature with one path length, are shown. To facilitate description, arbi- 
trary markings like A, B, C, D... and Z, Y, X, M... are adopted. Band A can 
be seen from figure 1(/^) to be a sharp intense band, followed by equally intense 
bands at B, C, D (see also microphotometer curve in figure 2). These bands 
B, C, D, on their long wavelength side, are accompanied ty two setellite bands 
which are of much less in intensity. This triplet pattern repeats itself upto D 
conspicuously. It is not easy to follow this pattern beyond D but at F, on very 
close examination and at E and G also, on still closer examination, the pattern 
could be found. What is more conspicuously important in this region is the 
doublet structure of two broad and diffuse bands marked Y, X, M and N. Their 
appearance is distinctly different from that of the bands in A, B, C, D. They 
also definitely resemble the single band at Z which, abruptly presents itself as we 
study from A, B, C etc. These points are considered to be of much significance 
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for the analysis. On the longwave length side of A in figure 1(a) there is a definite 
indication of an abrupt discontinuity in intensity which may be suspected as due| 
to faiift absorption. This was established by studying the development of thisj 
band at higher temperatures and longer path lengths. Figure 1(6), obtained under! 



Fig. 2. Microphotometric records of the absorption spc<’truin of uranyl acetate. 

such conditions, definitely establishes this band. A trace of still another band 
on the long wavelength side of this band is marked in figuri* 1(6) and it is also 
found on the negatives corresponding to figure 1(a). The presence of those 
two bands is of very great importance in the analysis of the spectrum. 

In figure 1(a) two bands are marked 6„ and a# adojiting the nomenclature 
of Pant. Pant’s 6„ is our band A. Between A and B. B and C, and C! and D, 
there are a few weak and diffuse bands which do not form any consjiicuous pal Urn. 
However, the band (Pant’s terminology) is of crucial imiiortance m our dis- 
eussioii. 

In figure 1(c), we have given the fluorescence and absorption spectra side 
by side taken on the same instrument and to the same scale of enlargement. 
Earlier authors have reported only four groups of bands in fluorescence starting 
from V 20728 crn-i and extending to -the long wavelength side. The common 
region between fluorescence and absorption was only three bands accordmg 
earlier workers. They are v 20746 cm->, 20625 cni-i and 20587 cm-» m absorp- 
tion and V 20732 cm->, 20627 cm-i and 20588 cm'i in fluorescence. Our picture 
shows clearly one more group to the short wavelength side obtained on a eav y 

3 
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exposed plate (exposure 7 hrs.) and this falls in the region of our earlier men- 
tioned B bands. This additional experimental information, we consider, is of 
great significance in the analysis of the spectra. Detailed work on the fluores- 
cence spectra at various temperatures, is still in progress. 

Considerations for the analysis. 

It is necessary to examine the reasoning behind the analyses of the earlier 
workers. Freymann started with the band marked Oq as the (0,0) and the one 
marked (our A) as the (1, 1) transition. He identified a fundamental 720 
in the upper state with a similar weak band coming after B and similar bands 
as the overtones. The strong band 6^ taken as the (1,1) of this frequency and its 
counterpart in the ground state led to the assignment of similar strong bands 
as such combination bands. This ultimately led him to the assignment of all 
strong bands as multiple combinations of various fundamentals in the upper and 
lower states, the weak bands forming the progression of fundamental 720 (see 
column 6 of Table I). This is really peculiar and unusual. Besides, his data do 
not show the bands on the long wavelength side of A while A itself was taken 
by him as the (1,1) band. This came in for criticism, by Pant on the ground that 
while the fundamental was itself not found, the difference frecpicncy was found 
with a very high intensity. In essence, Freymann etc. analysed all the bands as due 
to one system. Froymann’s analysis is conspicuous by the absence of an assign- 
ment for the band Z. He gives a wave number of v22444 cm“^ for this band. 
Our measut’ements give an average value of v22428 cm“^ which agree closely with 
the value v22425 cm~i given by Nichols and Howes. It has already been pointed 
out that Freymann’s data are in general higher than ours and also of Nichols and 
Howes. So, in the absence of any other band in the neighbourhood of these 
values, there is no doubt that these two measurements represent the same band 
which is a very important band. The fact that it does not find an interpre- 
tation in Freymann’s analysis deserves serious consideration. Besides the above 
points, we also observe that about five bands in the violet have not been inter- 
preted by them (see Table I, column 6) and the deviations between their observed 
and calculated values are considerable. 

In the analysis of the fluorescence bands, Freymann started with the band 
Uq (of Pant) as the (0,0) consistent with his absorption analysis. It is seen that 
this band is weak in fluorescence as well [figure 1(c)]. Further if we take this 
band as the (0,0), the new band at B obtained in fluorescence by us and shifted 
by about 557 cm*"^ cannot be interpreted in any reasonable manner. This band 
actually falls in the region of B in absorption, so that, the interpretation of B 
and this must be identical. We are inclined to consider this as a conclusive 
evidence against Freymann’s analysis. 

Pant’s analysis was based upon what he considers as experimental facts. 
The fact that the fluorescence bands are independent of the exciting radiation 
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was taken by him as indicative of one upper state only. In the overlapping 
region of fluorescence and absorption, two close lyii\g common bands, named 
and 6 q are sonctimcs observed which, at low temperatures, show according to him 
an interesting relationship. He says that, "‘in fluorescence, the lower frequency 
band 69 always more intense than the band while in absorption the reverse 
is usually the case”. These two bands in the case of acetate, are marked in the 
figure J, according to his terminalogy. According to what he says, the band 
Uq must be more intense in absorption than 6^. An examination of the spectrum 
clearly shows that such is not the case, eitli^r in absorption or in fluorescence. 
As a matter of fact 69 is by far more intense ind sharper in absorption than in 
acetate. We examined whether his statemeiit is correct with reference to other 
simple uranium salts. We tabulate below the results. 

TABLE II 


Substance 

Fluorescence 

Absorption 

Uranyl acetate 

f/o 20728 cm ^ 

no 20756 cm"i 


60 20583 ” 

60 20503 ” 

Uranyl chloride 




60 20535 

bo 20534 ” 

Uranyl flourido II 

no 20234 ” 

ao 20234 ” 


60 20082 

60 20082 ” 

Autunito 

fJo 

no 


ho 19848 ” 

bo 19848 

Uranyl nitrate 

"0 

no 


60 20584 ” 

bo 20591 ” 


In nitrate, on which we have our own data besides those of Dieke and Duncan, 
a band corresponding to Uq is not observed at all, while ^9 is very strong, in 
absorption. Besides, it is again the starting point for the fluorescence and is strong. 
In the case of uranyl chloride there is no ^9 ban<l either in fluorescence or in 
absorption according to his own data. From Van Heel s data, used by Pant, 
the band is absent in the case of autunite. It is only in uranyl fluoride II 
where Pant published a spectrum of both fluorescence and absorption, we find 
evidence of the presence of these tw^o bands in both and a suggestion of such 
an exchange of intensities. So we are inclined to consider this two-band-intensity 
theory, an exception rather than the rule in the case of uranyl salts. In the 
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fluorcHcence spectrum as welJ, the l)and is definitely more intense than (see 
figure 1(c). In acetate, both Freymann and Pant considered that they have 
obtained bands corresponding to and h^. As a matter of fact, Pant assumed 
the data of Freymann. We made a close examination of this point, by comparing 
the data of our bands with various workers. The band io A) was found by 
us to be v2()589 cm“^, 20587 cm~’ by Nichols and Howes and 20593 cm"^^ by Frey- 
mann. A very good agreement can be easily obseived. The average value of 
the absorption band />« is v20590 cm“^ In fluorescence, the average value appears 
to be v2()588 enr ^ which is in very good agreement with the absorption value. 
A similar band was found at v20725 by various workers both in fluorescence 
and absorption. If we compare the average measurements in fluorescence and 
absorption for this band, we get v 20732 cm“i and 20750 cm~^ respectively, with 
a deviation of at least 18 cm“^ between the two measurements. One is inclined 
to doubt whether really both bands are the same. If they are not, then the views 
about the intensities require reconsideration. Pant’s hypothesis of two lower 
states, was mainly based on his idea of the Hq and />,) bands and their intensity 
variation. Our experimental evidence definitely shows that there is no such 
peculiarity in intensity behaviour of these bands and the strong band in absorption 
tion is also the strong band in fluorescence . Thus, apart from the additional 
difficulties of interpreting the origin of two low' lying electronic states, the experi- 
mental facts do not appear to warrant such a hypothesis. 

Figure 1(a) w'as reproduced from a plate on which we could record the (0,1) 
band with respect to v20589 cm"^ as (0,0) definitely and possibly (0,2) also with 
the same path length and temperature as w^e used for the strong violet bands. 
This fact was, however, not mentioned by Freymann in his analysis. TheFc 
two bands gained in intensity with higher temperatures and longer path lengths. 
This is a clear indication of these bands being associated with vibrational levels, 
of the ground state. (The usual technique for obtaining the ground state vibra- 
tions in the study of the absorjition spectra of organic molecules is to obtain the 
spectra at higher vapour pressures and longer path lengths.) 

If we adopt Freymann’s (0,0) band, w^e do not find any interpretation for these 
two bands except in terms of possibly combinations without fundamentals. 

For these various reasons, a detailed and fresh attempt at analysis was found 
to be desirable. In the actual analysis, steps were taken, on an analogy with the 
usual requirements in the spectra of organic molecules like substituted benzenes 
etc. 

Our analysis. 

It was found in the spectra of the substituted benzenes etc. that the (0,0) 
band generally corresponds to the strongest band on the long wavelength side of 
the spectrum for well known reasons. On this analogy, we have chosen the strong 
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band (A) at v20589 cm~^ as the (0,0) band and found the shift of other bands from 
this. On the long wave length side of band A, w(‘ found a weak band shifted 
by 856 cm~* which corresponds to one of the Raman frequenciesiHOO cui' *) as- 
cribed to the uranyl radical. A still weaker band at v 1 8855 cm"* developed in 
longer path lengths could be intcrpretwl as an overtone of this fundamental. 
These two long wavelength side bands, demonstrated in our pictures, do not 
find a place in earlier work. They cannot also be interpreted any other way ex- 
cept by the choice of A, as the {(),<>) band. In fact, we are inclined to take then • 
bands as a justification for the choice of our (0,0) band in preference to any other 
band (c.f. as Freymann’s choice). Further, if we take this as the (0,0) band, 
the weak band B, obtained in fluorescence and shifted by 701 cm*' from tmr 
(0,0) band, readily finds an explanation as 0-f-70l corre8[)()nding to 0-f 735 baiul 
in absorption (B) The difference of 3b cm**- may be attributed to the weakness 
of the fluorescence band and a consequent uncertainty in our measurements besides 
any natural deviation to be expeu-ted from fluorescence to absorption data. 
We consider the observation of this band in fluorescence as a final justification 
for the choice of our (0,0), 


In each of the groups B, C, J) etc, the third hand (shortest wave length) was 
found to be the most intcn.se and successive separations oi’ these hands from A 
ic. A to B, B to 0, C to D etc. are found to be of the order of 7.15 cm *. Ibis 
obviously corresponds to a fundamental in the upper state and taking the A 
to B value as 735 cm-', the other bands are cx()lained as the overtones of this 
fundamental. Upto D ie. 3x735 cur', it is easy to follow this pattern and 
beyond this point, we are guided by the numerical coincidences up to fix 735 
cm-i A close examination at the point F. in particular, reveals a structure of 
bands quite similar to the structure of B, (^, D and justifies the assignment. The 
agreement between the calculated and the observed values maybe seen from the 
Table I to be quite satisfactory. Then we at.tenq.ted an interprctal ion of the setel- 
lite bands of B, C, D etc. The middle band was found to be at - 3(» cm ' to t le 
735 baud in each case ami so, this was intiwprete.l as a difference frequency between 
the upper state frequency 735 enr' and a ground state Irequem-y .10 cm . 
This low frequency has already been suggested as a lattice ^ 

Freymann (1948). It was found quite useful to adopt this view. . inn at laiu s 
in 0, D, .nd F .re gi.on Bimitor intBrprct.«,.n«. TKo longrBt wave length l.an.l- 
in th. triptete <,t B, C, D rould he inteprctol «• a tr..>in™.c.y 

0 +nx 735 -g 56 cm-.. Thta intarp, And. juBlihra. iron, tho fact 
that, we are definitely able to obtain the band ()-8i)h cm '. 

After the .hove par. of .he an.l.y.i.. « not ™k« mueh 
.he Other bMrtU notably tho.e a. Z. Y, X, M, N eto. W. ag.m 
a elne from the .truoture of the band pattern. The doable. Y, X. M, N ett. 
were found to have a moan topar.tion of 212 e.n-‘, ah.eh » very .ugg«t„e. 
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It was also found that the separation of the long wavelength band of the doublet 
from Z was about 711 cTn“^. Corresponding bands at Y, X, M, N etc. were 
found to have a mean soperation of 711 cm"^. The appearance of these bands 
is quite different from those at A, B, C, D. The bands are more diffuse and broader 
and are obtained distinctly only with extremely thin path-lengths. Band Z, 
which is extremely intense, does not find an interpretation in the analysis of 
Freymann, while Pant interpreted as some combination band. We felt that, 
if we take the band Z as starting another system, we will be able to account for 
its intensity and also interpret Y, X, M, N as ()+^x711 and 0-f-^x711-|'212. 
Obviously, the 711 is an upper state frequency and 212 cm~^ also is to be treated 
as such. There is another way of interpreting these doublet at Y, X etc. with 
Z as (0,0) as 0+nx930 and 0+^^x930—212. In this kind of interpretation, 
930 cm“^ corresponds to an upper state frequency, while 212 cm“^ corresponds 
to a lower state frequency. However, we are inclined to reject this possibility 
for the following reasons. The lower state frequency corresponding to 923 cm“^ 
is the Raman frequency 930 cm “^ which is definitely established to represent 
a non-totally symmetrical vibration. It is not reasonable to obtain a fundamental 
of a non-totally symmetrical vibration along with its overtones, in v hat appears 
to be an allowed kind of transition from intensity considerations. Thus, we 
are inclined to consider our earlier interpretation on the basis of 711 and 212 
cm*"^ as being more reasonable. 711 enr ^ can be tak(5n as (orresponding to 
736 cm"^^ in System T. The difference in these two upper stale frequencies can 
be easily understood, if we associate them with two different electronic levels. 
There is, however, the othe^ frequency 212 cm ^ which had to be assumed. The 
corresponding Raman frequency is 210 cni~^. This means that there is practi- 
cally no change in the frequency value for both upper and lower states. While 
normally, we expect a fall in the upper state vibrational frecjuency compared 
with the ground state frequency, it is not unusual that, there is no such change 
particularly with reference to the bending modes of vibration to wdiich actually 
this value is attributed. It was found in the analyses of a series of substituted 
anisoles and toluenes trorn our laboratory that the OH3 bending frequency which 
has about 1280 cm~' occurs with practically unchanged values in both the states 
(Ramakrishna Rao and Suryanarayana 1955). 

The choice of the Z band as the (0,0) of the second system, was further justi- 
fied by the fact that we were able to identify two bands on the long wavelength 
side shifted by 841 cm“^ and 2 X 841 cm“^. This value 841 cni’"^ may be considered 
as being identical with 856 cm^\ the ground state frequency in System I. The 
band 0—2x841 (System II) is actually the band of Pant [figure 1(5)]. This 
explanation of the Uq band is preferred by us, instead of its association with 
the bands of System I. The appearance of this band is more like those of the 
groups Z, Y, X etc. than those of the groups A, B, C, D. One possible objection 



Absorption and Fluorescence Spectra of Uranyl Salts 346 

to this interpretation can be the medium intensity with which this band occurs 
at the liquid air temperatures. It is generally assumed that these high frequency 
levels are less populated at low temperatures (exponentioiial relationship) and 
so the bands are expected to be absent. However, we have to remember that this 
discrete absorption in the uranyl salts makes its presence felt only at such low 
temperatures. At high temperatures, what we get is some sort of continuous 
patchy absorption. It is obvious for this reason that we should not attach too 
much of importance to the population -frequency temperature relationship 
in this particular case. Further, in System 1 , we definitely were able to sUow 
the bands corresponding to the ground state ^reqiieiKjies. So, there is definitely 
a certain amount of population of molecules in the 856 and 2xS5f) vibrational 
levels. Only the corresponding bands are nQk)re intense in the second system 
than the first. This is possible because the second transition may, as a whole, 
have a greater intensity than the first transition. 

By treating, the band of Pant in this maimer as the 0 — 2 x 841 of the second 
system, we can also understand why it does not occur in certain otliei* uranyl 
salts, like nitrate, chloride etc. as being only due to the abser>ce of an overtone 
in some cases. We also hold that this band, at r2075() cm“^ is not necessarily 
the same as r20728 cm ^ obtained in fluores(;enc*e. 

A band at v20625 cm“* (Nichols) was not obtained by us })ut was found by 
earlier workers. It is shifted by 36 cm~’ to the violet of the (0,0) band of System 
I. If we can adopt this as the upper state frequency of the crystal lattice vibra- 
tion, this, like the bending vibration, remains practically unchanged from state 
to state. This explains the v20823 cm“^ band also as 04-36+^12 cni '^, the 
value 212 cm~^ being borrowed from the second system. This band was not 
otherwise to be explained. However, our assignment of these two bands is not 
definite. 

For purposes of comparison, we have given in Table I, the observed and cal- 
culated values and also the deviation. The last four columns cf)ntain similar 
data for Freymann’s and Pant’s analyses. The deviations, given, were between 
these calculated values and their observed values. It can be seen that our ana- 
lysis shows less deviation from the observed values, aj)art from the fact, that we 
are able to interpret all bands. 


TABLE III 


Upper state 

Lower state 

Raman 
and infra- 

Assignment 

System I System II 

System I 

System II 

rod 



■ - 

930 

U-0 antisymmotrical 

735 711 

856 

841 

860 

U“0 symmetric streching 

— 212 

210 

228 

220 

O-U-0 symmetric bending 

30 

30 





Crystal lattice vibrational 





frequency r 


4 
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In the above Table III the probable values of the vibrational frequencies in 
the three electronic states are given. The non-totally symmetric frequency 
930 cm“^ does not find a place in our analysis in any of the states, the other fre- 
quencies are observed at one stage or another with some modification of values. 
The totally symmetric (U-0) streching frequency undergoes a reduction by about 
12 percent from the ground state to the upper state values. The other two fre- 
quencies (O—U—O bending and crystal lattice) practically remain unchanged in 
the various states. 

Two systems like this can be further justified on comparison with some 
spectra of organic molecules. In /?-and (X-fluoro naphthalenes (Rao and Rao, 
1955 ; Ramamurty and Rao, 1956) for instance, two such systems were definitely 
found. The system on the long wave length side, consists of sharper bands while 
the one on the shorter wave length side consists of diffuse bands. The two sys- 
tems were distinct and separate in the substituted naphthalenes. In the present 
case also, the difference in the appearance of the bands of the two systems is 
quite clear. Only, there is an overlap of these two systems. In fact, Dieke 1949, 
suggested the possibility of more than one transition constituting the absorption 
of the uranyl salts. 

We might finally suggest a tentative energy level diagram for these bands 
in the following figure 3. Level a represents the common ground state to which 
transitions take place from the two upper levels yff and y. The shift between the 
and y is 1839 cm~^ which corresponds to about 0.228 e.v. 

y ^ 

0-228 e.v. 

4 


a- 


Fig. 3. 

At the present stage, we do not consider it useful to discuss the exact nature 
of the electronic states or the exact types of transition, whether forbidden or 
allowed. It is our plan to carry out a systematic investigation of the absorption 
and fluoreseence spectra of various uranyl salts, both single and double and arrive 
at a self consistent schemes of analyses. We may add, however, that we suc- 
ceeded already, in interpreting the spectrum of uranyl nitrate on similar lines. 
The results will be published shortly after some confirmatory type of experimental 
work. 
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ABSTRACT. A workablo oxfR^rimental technique has boon evolved to subject the 
unstable^ pendant drops to surface tension measurements, utilising the expression derived 
earlier. The values calculated from the expression by the use of the observed data on three 
liquids compare favourably with the known constants on surface tension. 

INTRODUCTION 

Although the pendant drop method was studied long ago by Worthington 
(1881) and Fergusson (1912), it remained in disrepute for a considerable time. 
It is comparatively recently that it has been made useful for precision work as 
a result of critical study of it by Andreas, Hauser and Tucker (1938). The method 
has been laid on better foundations by Fordham (1948) by supplying a tabular 
set of values for the calculation of surface tension from measurements on pendant 
drops. Brown and McCormick (1948), while working out a new drop-weight 
method have shown by dimensional analysis that the shapes of all drops form- 
ing on a conical tip are similar at the stage of instability. 

On this basis one of the present authors (Parvatikar, 1949) derived the follow- 
ing equation giving surface tension ratio 71/72 of two liquids in terms of the 
parameters of the unstable pendant drops: 

r. _ fc.; ... (1) 

72 0*2 dCg* 

where, cr and de are respectively the effective density and equatorial diameter 
of a drop of the liquids 1 and 2. Thus by measuring the equatorial diameters 
dei and de^ of the drops of two liquids at the stage of instability, and taking the 
surface tension of one of the liquids as known, the surface tension of the other 
can be calculated. 
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While doing some fundamental work on pendant drops, it was felt worths 
while to test the above equation experimentally, since such a study does not 
appear to be on record within the knowledge of the present authors. The ex- 
perimental problem in work of this type, was of measuring the equatorial dia- 
meters of drops at the critical stage of instability, when the drops attain similar 
shapes and it was thought it could be solved by employing a conical tip as in 
the experiments of Brown and McCormick (1048). According to them a rop 
detaching from a conical tip is free to adjust its shape and size and consequently 
at the unstable state, all such drops arc similar hi shape. The point, however, 
for correct experimental adjustment is to fix the stage of instability of the drop 
and to measure its dimension at that state. If ^lufficienl time is allowed for proper 
development of drops formed at a conical tip, One could follow the changing size 
of the drop until it just collapses from it. The experimental set-up devised for 
this purpose and operations involved in mea$urements are described below. 

K X P E R T M E N T A 1. AND R E S U L T S 

Drops were formed in air saturated with its own vapour in a thermostat 
at the tip of a cone. For the formation of drops, the liquid was sucked into a 
brass tube of' external diameter 7 mm. and internal diameter of about 5 mm. 
One end of the tube was tightly screwt^d by the conical tip, similar to that of 
Brown and McCormick (1948), having three holes drilled on it symmetrically, 
the other end being connected to a glass syringes through a rubber tubing. The 
set-up is shown in figure 1. The solid cone (figure 2) forming the ti}) had an angle 
of 60”. The side of the cone was about 1.2 cms. The three narrow holes hav- 
ing equal bores of about 0.5 m.rii. were symmetrically disposed with respect 
to the tip and had their out-lets almost equally spaced in the middle of the hori- 
zontal plane of the inverted cone. The similarity in ,shaj)es of the drops at the 
unstable state is realised in such a coni(;al tip. 

The general procedure is to first form a small nucleus of a drop at the 
conical tip by releasing the liquid to flow through the holes and then allow the 
drop to grow under gravity. In order to align the drop in the field of view, which 
was once for all set, the brass tube was inserted rigidly and fixed into a metal 
tube with its boss-head fitted well into the ceiling of the thermostat case. The 
conical tip was then screwed tightly at the lower end of the brasa tube. By slid- 
ing this tube into the metal boss-head, it was possible to move it up and down, 
as well as slightly sideways, to bring the conical tip into optical alignment. The 
thermostat has two glass windows into its opposite walls, one for admitting light 
to illuminate the drop, and the other to observe it for measurements. The ther- 
mostat was heated electrically to any desired temperature by electronic tempera- 
ture control, maintaining the temperature faithfully to within ±0.1”C. 

The liquid to be investigated is sucked by way of the holes in the conical 
tip into the brass tube by manipulating the syringe. The rubber, tubing connect^ 
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mg the syringe with the metal tube is then squeezed by the screw of the pinch- 
oook, and then completely detached from the latter. The pinch-cock screw 
is then gradually loosened to allow air to get in. Through this procedure, a fairly 
long time of 6 to 7 minutes elapses before the drop develops fully to the point 



Fig. 1, The experimental assembly. 


S - gouroe 

Ct ~ Conical tip 

L - Collimating lens 

D - Drop 

Tc~ Thermostat chamber 

M - Microscope 

T - Thermometer 

SY - Syringe 

Bt- Brass tube 

Pc - Pinch-cock 


of detaabioaot. The drop was observed against diffuse light through a mioros- 
oope whloh was provided with a scale having hundred equally spaced divisions 
(equivalent to approximately 4m.m.) in its eye-piece. Either the maximum 
equatorial diameter ^ l^he maximum equatorial radius of the drop, which- 
ever could be accommodated and observed within the extent of the microscope 
aeale» waa measured for a number of drops, and the mean of the same was deter- 
mined. Table 1 h^w is a sample set of such observations on water at 
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Fig. 2. Tho conical tip. 

TABLE 1 

Growth of a drop of water at 30"C 

Time of formation of tho Max. Kq. radiu« Me 
drop in scale div. 

Mins. Sees. 

0 — 0 — 


1 

— 

0 

— 

2 

— 

0 

— 

3 

— 

0 

— 

4 

— 

0 

— 

4 


30 

62.0 

4 

— 

60 

61.3 

5 


10 

60.6 

5 


30 

59.8 

5 


60 

69.0 

6 



10 

68.1 

6 


20 

67.2 

6 

r -- 

30 

66.3 

6 

-T 

40 

66.4 

6 


66 

66.2 

6 

— 

66 (detached) 

65.0 
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Without disturbing the microscope set-up, the metal tube with its conical 
tip was taken out and was thoroughly washed and dried. It was fixed in its 
original position for taking observations on drops of a liquid of known surface 
tension. Water was chosen in the present case. The liquids chosen for surface 
tension measurements were toulene, m-xylene, and 'benzene, Observations were 
also made on water at high temperatures to explore the capacity of the method 
to take account of the changes in dimensions of the. drops with change in tempera- 
ture. Assuming the surface tension of water at 30'’C to be known, the values of 
surface tension of the above liquids were calculated from eq. (i). As the primary 
aim of the investigation was to explore the workability of the method, no attempt 
was made to obtain the estimate of accuracy of results. However, the obser- 
vations on the sizes of the drops in Table II are the mean of at least ten indepen- 
dent observations, which did not vary appreciably from each other. 

TABLE II 


Liquid 

Tomf). 

Effet'tivo 
density 
in gm/c.c. 

Measured 

dimensions 

Surface tension in 
dynes/cm. 

Re 


Present 

work 

I.C.T. 

Water 

30 

0.994G 

55.0 


-- 

(71.1831-0. 05) 

Toulono 

30 

0,8525 

— 

: 73.7 

27.3 

27.3 ±0.1 

m -xylene 

30 

0.8530 

— ■ 

74.4 

27.9 

27.8 ±0.1 

Benzene 

30 

0.8622 


73.8 

27.7 

27.56±0.05 

Water 

35 

0.9928 

54.8 

— 

70.5 

70.38±0.05 

Water 

45 

0.9891 

,54.2 

— 

68.7 

68.74±0.05 

Water 

60 

0.9822 

53.3 

— 

66.0 

66.18±0.05 


On comparing the resulfi'^in the last two columns of Table II, it is apparent 
that there is a fair agreement of measured values with the accepted constants of 
surface tension. While the .above position is not unsatisfactory, there is scope 
for improving the technique of the method to obtain better precision in measure- 
ments, The method, therefore, seems to have practical potentialities. The 
work in this direction is proceeding. 

REFERENCES 

Andreas, Hauser and Tucker, 1938, J. Phy, Ch^m, 42, 1001. 

Brown and McCormick, 194:St ‘Phil. Mag. 89, 420. 

Fergusson, 1912, Phil. Mag. 28, 418. 

Fordham, 1948, Proc. Roy. Soc., 194 , 1. 

Parvatikar, 1949, Curr. Sci. 18 , 288, 

Worthington, 1881, Proc. Boy. Soc., 82 , 362. 





35 


ULTRAVIOLET ABSORPTION SPECTRA OF PHENOL, 
o-BROMOPHENOL AND DIPHENYL ETHER IN 
DIFFERENT STATES * 

S. B. BANERJEE 

Optics Department, Indian Association for the Cultivation of 
Science, Jadavpur, OAL0tJTTA-32 

Received, for publication Mcfff IJ, 1956) 

t 

ABSTRACT. The ultraviolet absorption spoi^ra of phenol, o-bromophenol and di- 
phenyl ether in the different states have been studied/ In the spectra of phenol and o-bro- 
mophenol the main shifts in the -bands occur with the liquefaction of the vapours while 
with the solidification of the liquids and cooling to practically no further displace- 

ments of the i»o-bands take place. It has been concluded that for both these comi)oiinds the 
molecules get associated in the liquid state and the strength of the virtual bond rtunains un- 
altered even when the liquids are solidified and cooled to — 180^0. The changes observed in 
the case of o-bromophenol with change of state are different from those foi- o-chlorophenol 
reported by previous workers. As the crystal structures of the compounds are expected to 
be the same it is pointed out that the lattice field is not mainly responsible for the* changes 
observed in these two cases and that the difference in the behaviour of the molecules arises 
from the difference in the chemical affinity of the chlorine and bromine atoms. 

In the case of diphenyl ether in the vapour state the absorjition spectrum was found 
to consist of two overlapping series of bands, the displacement of one scu’ies from the other 
b(ung 242 cm-1, while in the solid state only one series is observed. This is exjdaim'd by 
assuming the presence of two ty])os of molecules in the vapour state owing to freedom of 
rotation about the (%0 bonds. 


INTRODUCTION 

The ultraviolet absorption spectra of o- and ^-chlorophenol were studied by 
Swamy (1953) who observed that the substances in the liquid and solid states 
yield broad bands. It was observed that the changes that take place in the spectra 
with the liquefaction of the vapours and with the solidification of the liquids 
are different for the two compounds. It is not known how the absorption spectra 
of phenol is affected by the change of state and it was proposed to study the 
absorption spectra of phenol in the liquid and solid states and to compare the 
results with those obtained for the chlorophenols by Swamy (1953). 

Swamy (1953) also studied the absorption spectra of bromotoluenes and 
observed that in the case of ortho bromotoluene the excited energy state is split 
up into three components when the liquid is frozen and cooled to — 180°C while 
no such change takes place in the case of para bromotoluene. As it would be 

* Communicated by Prof. S. C. Sirkar 
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interesting to find out whether similar changes take place in the spectra when 
the CH 3 group is substituted by OH group, the absorption spectra of ortho 
bromophenoJ in all the three states have been studied in the present investiga- 
tion. 

Deb (1953a, 1953b) studied the ultraviolet absorption spectra of diphenyl, 
diphenyl methane and dibenzyl in the liquid and solid states in order to compare 
the changes which take place with change of state in the spectra of these mole- 
cules having more than one phenyl group. He observed in the case of diphenyl 

o 

in the liquid s^ate structureless absorption in the region 2860—2300 A. Oji 
the other hand in the case of the other two molecules each having one or two 
groups of atoms between two phenyl groups he observed a large number of bands 
which could be assigned properly in progressions of vibratK)n frequenies. It 
was proposed to study in the present investigation the ultraviolet absorption spec- 
trum of diphenyl ether in different states in order to find out whether the changes 
which take place in the spectra with the change of state are similar to those 
observed in the case of either diphenyl methane or diphenyl. 


EXPERIMENTAL 

The experimental set up was the same as that described in an earlier paper 
(Banerjee, 1956). The liquids used were of chemically pure quality. Phenol 
supplied by B. D. H was first fractionated and the proper fractionated portion 
was redistilled under reduced pressure. Diphenyl ether was supplied by Esarsoii 
Co., N.Y., and o-bromophenol by E. Merck. The liquids were distilled under 
vacuum before use. Spectograms were taken on Ilford HP3 films using a Hilger 
El spectrograph. Microphotometric records were taken with a Kipp and Zonen 
type Moll microphotometer. Iron arc spectrum was taken on each spectrogram 
as a comparison. The frequencies of the absorption bands were determined with 
the help of the microphotometric records of the bands and the iron lines as des- 
cribed in an earlier paper (Banerjee, 1956). 

The absorption spectrum of diphenyl ether vapour was photographed 
using a tube of length 75 cm. and diameter 14 mm with plane quartz windows 
cemented at two ends with Araldite. The tube was kept at 50°C and the vapour 
was introduced from a bulb through a side tube. For studying the absorption 
spectrum of o-bromophenol in the vapour state the tube used was 30 mm long 
and 14 mm in diameter and the tube was filled with the vapour at saturation 
pressure at the room temperature. 

In the case of the liquid and solid states very thin films had to be used, the 
thickness being of the order of a few microns. When the liquid was solidified 
some samples produced pattern due to interference of light passing through the 
thin film. 
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RESULTS AND DISCUSSION 

The microphotometric records of the absorption spectra are reproduced in 
the figures 1, 2 and 3. The wave numbers of the bands and their assignments 
are given in Tables I, II and III, 



35.100 36000 36600 37000 37500 38000 fin ' 

Fig, I . Microphotometric records of the ultraviolet absorption sfM'ct ra of phenol 
(a) Liquid at 42^C (b) Solid at 180'’C. 


The bands in the liquid and solid states being, broad, measurements were 
made of the centres of absorption peaks. In the case of the diphenyl ether in 
the vapour state the bands could be assigned only by assuming that there are two 
series of bands separated by 242 cm~L The results for the three compounds 
have been discussed respectively in the folk)wing paragraphs. 

Phenol: 

The absorption spectrum of phenol in the vapour state studied by Matsen 
et al (1945) using a three-metre grating consisted of more than 300 bands, the 0-0 
transition, the most intense band in the spectrum appearing as a doublet at 36348.6 
cm“^ and 36361.9 cm-^ respectively. In the liquid state phenol exhibits only 
thiw broad bands, the centres if the peaks lying at 36051, 86930 and 37803 cm*"^ 
respectively (Table I). Taking the first band as the r^^-band it is seen th0 the 
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Vo-band is shifted by about 300 cm”^ towards longer wavelengths from its posi- 
tion for the vapour state. Thus with the liquefaction of the vapour the excited 
electronic state is lowered due to intermolecular field. 

The broadening of the bands in the liquid state is probably due to widening 
of the energy levels because of the thermal motion of the molecules. This widen- 
ing of the bands in the liquid state is responsible for the appearance of fewer 





36000 36500 36000 36600 37000 37600 cnri 

Fig. 2. Microphotometric records of the ultraviolet absorption spectra of o-bromophenol. 

(a) Vapour at 30°C (b) Liquid at 30®C (c) Solid at - 180°C. 


bands compared to those corresponding to the nine excited state frequencies 
oky^rved in the case of the vapour by Matson et al (1945). Probably the band 
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at a distance of 879 cm * from the vj-band is produced by the coalescence of the 
two bands corresponding to vibrational frequencies 935 and 783 enr’ observed 







35000 36000 37000 38000 cm-i 

Fig. 3. Microphotometric records of the ultraviolet absorption spectra of dii)honyl ether, 

(a) Vapour at 50°C (b) Liquid at 32'’C (c) Solid at — 180°C. 

in the case of the vapour. The bands due to other frequencies are not resolved 
owing to the broadening of the bands in the liquid state. 

With the solidification of the liquid there is a very small shift of 52 cm“^ 
of the VQ-band towards longer wavelengths. In the case of the solid five bands 
are observed and the bands are a little sharper. Consequently, the bands corres- 
ponding to vibrational frequencies 446, 936 and 1289 cm are resolved. The 
fundamental excited state frequencies observed in the case of the solid state agree 
with some of those observed in the case of the vapour. 

The sharpening of the bands at — 180°C shows that in this case the ampli- 
tude of angular oscillation of the molecule taking place in the liquid diminishes 
greatly with lowering of temperature. The shift of the vo-band with liquefaction 
and the abeenoe of further shift ivith solidification indicates that the molecules 
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TABLE I 

Absorption bands of phenol 

Vapour* Matsen et al Liquid at 42°C Solid at — 180°C 

(1945) Present author Present author 


Wave no. 

Assignment 

Wave no. 

Assignment 

Wave no. 

Assignment 

(cm~^ ) and 


(cm-i) and 


(cm*"3 )and 

intensity 


intensity 


intensity 


35351.2 (vvw) 

ro-~999 

36051 (s) 

J'o 

35999 (s) 

Po 

35524.8 





35528.3 (w) 

ro~824 

36930 (s) 

1*0 + 879 

36445 (w) 

1*0 + 446 

35538.3 (wwB) ro-811 



36935 (s) 

1*0 + 936 



37803 (w) 

i*o4 2x879 


35822.5 
35825.3 (m) 

ro~527 


37288 (vw) 

1*0 + 1289 


37867 (w) 

1*0 + 2 X 936 

36961.5 (m) 

1*0-397 




36106.4 

36106.9 (vw) Po~24r» 

36127.7 

36130.6 (s) ro-221 

36287.6 

36290.7 (vvs) ro-61 

36348.6 

36361.9 (vvs) Vo 

36389.0 

36391.8 (s) ro-l-40 

36566.8 

36569.4 (ms) roH-208 

36722 . 7 

36725 ! 6 (m) ^0 + 3*74 

36824.9 

36827.2 (vs) Vo-h476 

36911.4 

36914.0 (m) ro + 562 

37131.6 

37134.7 (vvs) ro 4-783 

37284.3 

37286.9 (vvs) i'o4-935 

37289.8 

37323.7 

37327.2 (a) i^o4“976 

Q7|koo 7 

S7625!i(s) 1-0+1274 

37914. 3 

37915 is (8) 1*0 + 1665 


♦Only the hands corresponding to the fundamental frequencies have been includedt 
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TABLE II 


Absorption bands of o-bromophenol 


Vapour at 30°C 

Liquid at 30°C 

Solid at 

-180®C 

Wave no. Assignment 

(cm-3 ) and 
intensity 

Wave no. Assignment 

(cm-i) and 
intensity 

Wav'o no. 
(em 1) and 
intensity 

Assignment 


35627 (m) 

i»o-191 

35412 (s) 

P© 

35500 (s) 

35818 (s) 

r© 



36194 (s) 

Po 1 7(S3 

36432 (s) 

36352 (ms) 

Vq -j- 534 

i 


36971 (m) 

p« -1-2 ^783 

37372 (m 

36639 (s) 

r© “f- 821 

- 

36753 (s) 

p© -j- 935 



37129 (m) 

Po4 1311 

1 


37288 (w) 

^0 + 534-1-935 




TABLE III 


Absorption bands of diphenyl other 


Vapour at .50“C Liquid at Solid at — 1 8()''(^ 


Wave no. 
(cm~i) and 
intensity 

Assignment 

Wave no. 
(cm~^ ) and 
intensity 

Assignment 

Wave no. 
(cm 1) and 
intensity 

Assignment 

36064 (ms) 

B„ 

35831 (s) 

P© 

35678 (s) 


36306 (vs) 

A© 

36753 (sh) 

Po + 922 

36103 (m) 

K„-| 425 

36706 (m) 

Ao H 400 

37681 (msb) 

Po-I 2x922 

36472 (s) 

*’0 + 794 

36957 (s) 

Bo 1-892 



37260 (mb) 

Po + 2 X794 

37198 (s) 

Ao +892 





37554 (w) 

Ao +1248 





37853 (m) 
38098 (ms) 

Bo +2x892 
Ao +2x892 






get associated in the liquid state and the strength of the virtual bond is not altered 
even when the molecules are arranged regularly in the solid state. 

o-Bromophenoh 

It can be seen from Table II that the absorption spectrum of o-bromophenol 
in the vapour state gives only seven bands. The first band at 35627 cm^^ is as- 
signed to v -^0 transition and the strong band at 35818 cm“^ is taken as the V 0 - 
band. The other bands can be expressed by the fundamental excited state fre- 
quencies 634, 821, 936 and 1311 cm-L In the liquid state the substance produces 
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three broad bands, the centre of the first one being at 36412 cm~i. There is thus 
a shift of 406 cm-^ of the Vg-band towards the longer wavelengths on liquefaction, 
which again suggests a lowering of electronic energy level in the excited state by 
the intermolecular field in the liquid state. The other bands due to the liquid 
represent transitions Vo+783 and Vg+2x783. When the liquid is solidified and 
cooled to — ISO^C the Vg-band is found to shift towards shorter wavelengths by 
only 88 cni~'. Thus in this case also the major shift in the Vg-band occurs with 
the liquefaction of the vapour. This behaviour of the compound is different 
from that of o-chlorophenol (Swamy, 1963), because in the latter case the posi- 
tion of the Vg-band remains unaltered with liquefaction of the vapour, but it changes 
when the liquid is solidified. For o-bromophenol the bands in the case of the solid 
are also broad and there is no increase in the number of bands with solidification 
of the liquid. The bands represent transition Vg+932 and Vg + 2 x 932. 

As the crystal structures are expected to be the same for o-chloro- and o- 
bromophenol, the lattice field ought to have similar influence on the electronic 
state in both the cases. The difference in the behaviour mentioned shows that 
lattice field is not responsible for the changes observed in these cases. If forma- 
tion of virtual bonds is assumed to be responsible for the changes observed with 
change of state, the difference in the behaviour of the two compounds may be 
attributed to difference in the chemical affinity of the chlorine and bromine atoms. 
It is well known (Pauling, 1939) that in the o-chlorophenol molecule the chlorine 
atom is attached to the OH group. In the liquid state the chlorine, atom cannot 
form virtual bond with neighbouring molecule and as the v„-l)and also does not 
shift with liquefaction of the vapour in this case (Swamy, 1953) the shift observed 
in the other case is evidently due to formation of such bonds. In the case of 
o-bromophenol some of the molecules may have the bromine atom free and 
these atoms may form virtual linkage with neighbouring molecules. 

It can be seen that in the case of phenol or o-bromophenol in the excited 
state the energy leyel does not split up into more than one component with solidi- 
fication unlike the case of o-bromotoluene where the energy leyel is split up into 
three components when the substance is frozen and cooled to — 180°C. This 
fact supports the conclusion that for phenol or the substituted phenol the strength 
of the yirtual bond remains practically unchanged with solidification and coolmg 
to -180®C. 

Diphenyl ether: 

In the absorption spectra of diphenyl ether vapour the first strong band is 
at 36306 cm-* which is accompanied on the longer wavelength side by another 
band at a distance of 242 cm-* from it. If we take the band at 36306 cm-* to be 
the Vg-band then its companion may be due to a t)-+0 transition. But it can be 
seen from figure 3 that each of the other principal bands of the vapour also ex- 
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hibits two peaks separated by about 242 cm-i from each other. Thus it is pro- 
bable that the absorption spectrum consists of two overlapping series of bands 
with the VQ-bands at 36064 and 36306 cm“^ respectively. Assuming this and 
designating the bands at 36064 and 36306 cm-^ as and Aq respectively the 
other bands can be assigned corresponding to transitions 3^+892, Bo+2x892 
and AqH-400, Ao+ 892, A^ 4" 1248 and Aq+2x 892. The bands corresponding 
to Bq-|- 400 and Bq-|- 1248 are not observed l^jcause these bands are very w^eak. 
In the case of the liquid state three very broad bands arc observed. The I'^-band 
is at 36831 cm~^. Only one series of bands is found in this case as it is likely that 
the broadening of the bands in the liquid state causes a coalescence of the two 
series of bands observed in the case of the vapour. The v^-band of the liquid is 
displaced by 475 cm“^ towards the longer wavelength side of that (A„) due to the 
vapour. In the case of the solid the Vj^-band is displaced towards the shorter 
wavelengths by 163 cm'i from its position due to the liquid. In the absorption 
spectra of the solid the bands arc a little shasrper than those due to the liquid, 
but in this case also only one series of bands is observed. The bands due to the 
liquid can be assigned as v,)+'^22 and Vo^ 2X922 while those due to the solid 
represent transitions Vo-|-425, Vo+794 and vo4 2x794. Thus the (‘xcited state 
frequen(*y 922 cni”^ observed in the case of the liquid is altered to 794 cin~^ in 
the solid state. 

A comparison of the absorption spectra of diphenyl edher and diphenyl 
methane (Deb, 1953a) shows that the spectra exhibited by the two substances in 
the vapour state are quite different from each other. In the case of diphenyl 
ether the vapour gives two overlapping aeries of bands, whereas the ot her subs- 
tance yields in the vapour state only one series. In diphenyl ether the two ])henyl 
rings are linked through C— O bonds. Probably the plnuiyl rings have freedom 
of rotation about the 0 O bond in the vapour state. This rotation of one j)henyl 
group with respect to the other gives rise to a different type of moiecul(‘ the <4ee- 
tronic energy state of which is slightly different from that of the other type. The 
two series of bands observed in the vapour state may be due to those tw^o tyy)es 
of molecules. In the liquid state there may be rotational oscillation of ojie phenyl 
group against the other causing a widening o^ the bands. In the solid state at 
— ISO'^C, however, this type of rotatory oscillation ceases completely and all 
the molecules are probably of one type. In the case of diphenyl methane yjer- 
haps the two phenyl rings are connected to the CHg group through two bonds 
making a tetrahedral angle and as they are nearer to each other than in the 
diphenyl ether molecule free rotation of the rings about the C -— C bond is restricted. 

The absorption spectra of diphenyl in the vapour state (fet'shan, 1936, London, 
1945) gives uniform absorption without any structure in the region 2800-2200 A. 

In the liquid state (Deb, 1953b) similar absorption in the region 2850-2300 A 
is observed. When the liquid is solidified and cooled to 180 C two systems 
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of bands in the two regions from 2962 A to 2800 A and from 2783 A to 2640 A 
are observed. Since the first system is absent in the spectrum of the vapour it 
is most probably produced by the perturbation produced by the intermolecular 
field in the liquid and solid states. This behaviour is different from that observed 
in the case of diphenyl ether and diphenyl methane because in the spectra of 
the latter two molecules in the solid state the field in the crystal does not pro- 
duce any new system. 
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ABSTRACT. A method of identifying sing^ charged particles in nuclear emulsions 

with the helj) of gap distribution and multif>lc' eouloi|ib S(‘atteriug mc'asun^nionts foi- th(^ mmv 
track is described. A parameter S depending upon scattering paiamtder and gap 

distribution parameter g* is obtaint'd, whieli is a l(|garitlun]c function of the' mass. Tho 
observed values of S are in good agi'eement. with tho calculated ont‘s. 

INTRODUCTION 

Particle identification in niKdcar ennilsions, in the (‘asc of singly charged 
particles reduces simply to the determination of the mass of tln^ jiarticles pro- 
ducing the given tracks. Accurate determination of mass has assumed new 
importance in recent years because of the reported existence of a largi‘ mimher 
of new particles. The nature of many of these new particles is not very well under- 
stood. 

In order to find out the mass of an unknown particle iiroduciiig a track in 
photographi(^ emulsion, two parameters are necessary, wlnVh are functions of 
velocity and mass. One of them is generally taken to he tht‘ ionization produced 
hy the particle. Information of the ionization jirodueed can l)(‘ had from the 
measurements of the grain density, blob density, photometiie track densily, and 
by studying gap-length distribution. 

The other parameter is either the jcsidual range or the mean s(juar(‘ angular 
deviation suffered by the particle as a result of multiple leattering in the (inul- 
sion. The last two by themselves arc also sufficient to sj)eeify the mass. 

In a recent paper, Fowder and Perkins (1955), have shown that the distribu- 
tion of gap-lengths occuring in tracks of ionizing particles is exponential over 
the entire range of ionization measured and that the coefficient f/ of this expo- 
nential is the most useful measure of the ionization in the track. The normalised 
value of g in = gfgo where go (corresponds to minimum ionization, g* is inde- 
pendent of the degree of development of the emulsion. Moreover the value of 
of g* does not depend on the developed grain size. Tins method of deterrnii a- 
tion of ionization is as accurate as the photometric, method and has the additional 
advantage of consuming less time. 
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Multiple coulomb scattering gives a measure of the produ t of momentum 
and velocity, i.e. pfi of the particle. It has been thoroughly investigated both 
theoretically and experimentally. Recent advances on the “Constant Cell 
Method” of Fowler (1950) have culminated in the “Constant Sagitta Methcd” 
described by Biswas et al (1953) and Dilworth et al (1954). The constant cell 
method after the elimination of various kinds of noise, which have been discussed 
by Menon et al (1951) and Biswas et al (1955), gives accurate results, especially 
for fast particles. 

In the method developed in this paper the scattering parameter and the 
gap distribution parameter g* are determined for the same tiack. We h ve 
obtained a parameter S which depends upon and g* and is a logarithmic 
function of the mass of the particle. This relation enables us to determine the 
mass with reasonable accuracy. The values of S calculated according to our 
relation are in good agreement with those obtained from values of and g* 

given by Glasser (1955) and Fowler and Perkins (1955) respectively. 

II. DETERMINATION OF THE RELATIONSHIP 
BETWEEN aioo/i AND g* 

Scattering Parameter : — According to Voyvodic and Pickup (1952), for 

Ilford G5 emulsions, the mean absolute deflection suffered by a particle under- 
going multiple coulomb scattering is given by 

a = Kt'^lpv degrees ... (1) 

p, V are the momentum and velocity respectively of the charged particle; t is 
the cell length in microns and K is referred to as the “scattering constant” 
iiti degrees Mev/(1()0/^)1. K for Ilford G5 emulsion varies from 24 to 29 and is 
generally taken as 26 Mev degrees/(100//)i ... (2) 

In emulsion work, it has been a useful convention to measure the quantity 
aioo/i which is defined as [Menon and O’Ceallaigh (1953)] 

'^looA ~ B~—W f ... (3) 

"b, 

where B = (1— ^)-5 and JB,, the values of B at the two ends of the section 

of a track along which multiple scattering is measured. 

Using (1) and (3) we get 

B, 

“loos = g f Kjpv dB 
1 2 


... ( 4 ) 
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Oap-distribution Parameter g*:—As mentioned earlier, Fowler and Perkins 
(1956) have shown that in the tracks produced by ionizing particles, the gap 
length distribution is exponential over the entire range of ionization. The co- 
efficient g of this exponential is a useful measure of ionization and is given by 


9 


In 






... (5) 


where is the number of gaps exceeding length Z, and is the number of gaps 
exceeding length Zg* Moreover for values of ionization less than ten times the 
minimum ionization 


g oc 


dE 

dR 


... ( 6 ) 


dEjdR gives the rate of energy loss an<l is a fiinction of velocity ojily. 

The normalized value of g i.e. gf* is related to the residual range R measured 
in microns in the case of protons as 

gl - aR-^ ... (7) 

where m — --0.42 ... (8) 

a =.2.93X102 ... (9) 

The constant of proportionality a in (7) is determined from the g*--R curve for 
protons given by Fowler and Perkins (19.55). 

Range-eMergy Relation : — The accepted range-energy relation for Ilford G5 


emulsions in the case of protons is [Glasser (19.55)] 

or Ep-rkR'p ... (10) 

where k = 0.246 ... (H) 

?^ = 0..595 ... (12) 

The general range-energy relation for the case of any singly charged particle 
can be written as 

E = kM^-^ (13) 


where M is the mass of the particle in proton units. 

Determination of Spi Let us choose a function of which will 

be easily amenable to the theoretical and experimental treatment. After a large 
number of trials, we arrived at the following function 


S = log aioo/*— 1*^ log 9* 
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This function was subsequently slightly modified and we now define S as 

6’= logaioo^i +” log(/* ... (14) 

m 

where ‘m’ and are given by (8) and (12) respectively. 

We can proceed to determine the value of Sp (the value of S for protons) as 
follows: 

Let us rewrite (4) after a little simplification as 

. 1-^1 K 

-B,) + 2/^+(l+B,) 

jii is the mass of the particle in Mev. 

The second term on the right is a small corre(‘tion term and <'an be neglected, 
so that 




K 

2f,{B,-B.,) 


log 


1-^1 
1- Ji, 


If wc pul. B = (jBi+/?j)/ 2 and b = B^ -B.^. then 


- _ ^ * 
“looe 2> h 



_h/2 

i-'ii 


1+ 


b/2 i T 
1-B 


K I 
~ '2/1 B-1 


(15) 


The range-energy relation (lO) can also be expressed as 

MB- 1] - 

or B — 1 = ifc /ip^ Rp 

Thus B-1 == k/(p^ {Rpi+Rp^)l2 

Let the scattering measurements be made on the faster half of the track so that 
Bj and Bg represent velocities corresponding to ranges Rp and Bp/2 respectively 
So we have 


B-1 = t 


2 . 2 " 


B? 


( 16 ) 


Eliminating (B—l) and Rp from (7), (10), and (15) one gets 

(‘^iooA*)p = 2K* 
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or 


log (“iooa)p+ ^ log gj, — log constant 


where 


K' = k 


2"+l 

2 . 2 " 




From (2), (8), (9), (11), (12), and (18), we have 


Hence 


= log + log r/;. = -1-70 

m ^ 


(17) 

(18) 


(19) 


Determination of 8: — Wc can find the value ©f 8 for any singly charged particle 
as follows: 

If two particles have the same velocity, tlieii their ranges iw ])ro])ortional to 
their masses. Thus if//, //,, represent masses of a singly charged partieh* and of a 
])roton respectively, in energy units, and B ami Bp Ix^ the respective ranges, them 

Jtj. ^ ... ( 20 ) 

Also it follows from (5) and (0) that the value off/ and hence off/* is the same 
for tw'o j)artieles of the same charge and velocity having different masses. Hence 


for any singly charged particle we get 

f/* = a(/////p)-' 

u///-"" B''" (21) 

Taking /tp — 931 Mev., a' = u(931)^" (22) 

Also general range-energy relation (13) can be written as 

B-^l -= B^ ( 2 ^ 1 ) 

Here k'==k(m[f-^ (24) 

As before from (23) B—l — k' /ir^ B*^ (2»^) 


Eliminating It and (B — 1) from (In), (21), and (25), we have 

where K" 




2K"' ^ 


,, 2”+l ,_n/»i 

* 2 . 2 « 


K 


or 


log «xo«.+” log 9* = log log 


Heuce 


8 — A— log /I 


... (26) 
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constant A = log 


K 

2K^ 


This parameter S depends upon and gr* by definition. Knowing the 
values of these two quantities for a given track, we can determine this parameter 
and hence the mass of the unknown particle from (26). Thus the mass estimate 
depends upon the experimental determination of the statistical parameter 8 

which is a logarithmic function of the mass. We are to keep in mind that 
is determined for the faster half of the track. 

Substituting the values of various constants a\ k\ n, m, and K, we obtain 
A = 1.36, so that (26) becomes 

8 — 1.36 — log// ... (26a) 

If we substitute for /i for various singly charged particles, we can find the cor- 
responding values for 8. We can, thus, have a scale of S^-values 

^ 2 ' 

for //-meson, 7r-meson, iT-meson, proton, deutron, triton etc. Knowing these 
values and finding the <Sf-value for the unknown particle, we can at once 
identify it. 


III. EXPERIMENTAL VERIFICATION 

In order to test the correctness of relations (19) and (26), let us find out the 
values of 8p and 8„ experimentally. For the tracks considered, the values of 
^looA Q* protons and TT-mesons are to be determined. 

In the following table the values of ociqq^ have been taken from the paper by 
Glasser (1955) wherein an experimental relationship has been found between 
scattering and range 

<^> t = (19-0±0.3)(J/W^)<>-303±o.oi6x(f/50)3/2i?--(o-607>±o.oi6) ^ ^ (27) 

t is the cell length in microns and Mp, M are masses of proton and any other 
singly charged particle respectively. 

If yi is the projection of the track on the axis at right angles to the one 
to which the track is made parallel and y^ is measured after constant cell length 
t microns, then 


<Vi>t = j/i-i(y<-i+yi+i) microns 
Usually, we determine the second differences of the projections 
<Di>t ^ 2yi—(yi_i+yi+i) microns 
== 2<7fi> t 


i.e. 
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So we have 

i, - X I'"' 

t 7T 

degrees 


and hence 

= 2<1>_a X 

i 7T 

XX / 100 , 

X — j (tegrees 



or aioos = 3.24<^>5o^ 


... (28) 


is then determined from (27) and (28) fof various values of R. 

The values of g^* have been determined from the paper by Fowler and 
Perkins (1955) who have given a curve showing the relationship between gf. 
and Rp. The values of g„* have been deterniined from the corresponding values 
of gf, for the same residual ranges by use of (29) obtained from (7) and (21). 

g.* = ... ( 29 ) 

The values of Sp and are then determined from (14). 


H 

q * 

ifp 

d4 

( oi \ OUfi)p 

1 00)71 

Sp 


0.] cm 

14.0 

6.20 

0.931 

1.97 

- 1 . 66 

-0.K4 

0 . 5 cm 

8.6 

3.86 

0.351 

0.74 

•• 1.7K 

- 0 . 96 

1 . 0 cm 

6.2 

2.78 

0.230 

0.40 

-1 .7(5 

— 0.94 

4 . 0 cm 

3.5 

1 .57 

0.099 

0.21 

-1.77 

-0.96 

10.0 cm 

2 . 25 

1.01 

0.057 

0.12 

-1.74 

-0.93 


Miiii Sp = -1.74 and = -0.9.3 

The value of Sp from ( 19) is - 1 .70 and that of S„ from (20') is - 0.88, which 
are in good agre-sment with the values obtained above. 

IV C O N (; L U S I o N 

Lot us examine (26) critically. First of all we have assumed that yl is a 
coisbint which amounts to saying that scattering constant K has a fixed value. 
This, however, is not so, since K depends upon the velocity of the particle and 
the cell-laigth employed. Although this dependence is slight and may be neg- 
lected in ordinary work, this must be taken into account in precision mass measure- 
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ments of unknown particles. A correction jor the variation in the value of 
K can be made as done by Menon and O’Ceallaigh (1953). 

Secondly, a,ooM is measured along the faster half of the track. In general, 
if B', B" measure velocities at residual ranges R', R" respectively, then instead of 
B, we should use the value of Bgff which corresponds to residual range R^f, 
which is given by the following relation due to Menon and Rochat (1951) 


i?e// = 


R" 

dB 

-R' J R^ 
R' 




where is given by (12). 

Statistical errors in the evaluation of g* have been discussed by Fowler 
and Perkins (1955) and the various errors in the measurement of by Menon 
et al (1951) and Biswas et al (1955). Taking an extreme case, if a^go^ is measured 
with an error of 10% and g* with an error of 5%, then the percentage error in 
8 will be ~ 12/S which in the case of protons is ~ 7%. 

ACKNOWLEDGMENTS 

The author wishes to express his sincere gratefulness to ProfessorP. S. Gill 
for his continuous help and guidance in this work. He is thankful to Dr. K. 
R. Dixit and Dr. A. N. Mitra for helpful criticism and for making some useful 
suggestions. The support of the Scientific Research Committee of U.P. for 
for the grant of research assistantship is thankfully acknowledged. 

REFERENCES 

Biswas, S., George, E. C. and Peters B., lO.'iS, Proc. Ind. Acad. Sci., 88A, 418. 

Biswas, 8., Peters, B. and Rama, 1966, Proc. Ind, Acad. Sci., 41A, 1 54. 

Dilworth, Ooldsack and Hirschberg, 1964, Nuovo Cimento, 11, 113. 

Fowler, P. H., 1960, PhU. Mag., 41, 169. 

Fowler, P, H. and Perkins, D. H., 1965, PhU. Mag., 46, 687. 

Qlasser, R. G., (1966), Phy. Rev., 98, 174. 

Menon, M. G. K. and O’Ceallaigh, C., 1963, PhU. Mag., 44, 1291. 

Menon, M. Q. K. and O’Ceallaigh, C. and Rochat, 0., 1961, Phil. Mag., 42, 932. 

Menon, M. G. K. and Rochat, 0., 1961, Phil. Mag., 42, 1232. 

Voyvodic, L., and Pickup, E., 1962, Phy. Rev., 86, 91. 



JlMoti to the £dltot 


The Bodrd of Editors will not hold itself resptMsible for opinions expressed w the letter s^ 
published in this section. The notes containing reports of new work communicated for this 
section should not contain many figures and should n0 exceed 500 words in length. The contri^ 
butions must reach the AssisUint Editor not later than dke 15th of the second month preceding that 
of the issue in which the Letter is to appear. No proof will be sent to the authors. 


STRUCTURE OF THE SPECTRUil OF DOUBLY IONISED 

BROMINE. 

Y. BHUPALA RAO 

Physics Department, Andhra University, Waltair 
(Received for publication May 26 , 1966 ) 

The first important investigations on the spectrum of doubly ionised bro- 
mine (Br III) were done by L. and E. Bloch (1927) and Ijacroute (1935) who gave 
an almost complete list of the lines of Br III. Rao and Krishna Murty (1937) 
identified some of the quartet terms and gave a tentative identification of the 
doublet terms independent of the quartet terms. In a later communication 
Rao (1944) has reported the identification of some intercombination lines and 
gave the intervals 4p* and 4p* 4p* ®P“j. Still several 

strong lines in the spectrum remain unclassified, and the analysis is far from 
complete and needs confirmation. An extensive study of the spectrum has been 
made along with that of Br II (Y. B. Rao 1956) over the range A 10,000A to 
A4()0A. With spectrographs of small and large dispersion. The present investi- 
gation has shown that the doublets and intercombinations given by Rao and 
Krishna Murty (1937) and Rao (1944, an unpublished work) are not correct 
except for the level 4p* Several levels are newly identified and the inter- 

combinations are definitely established leading to the classification of more than 
176 lines. The new levels with their designations and J values are given in 
Table below in ascending order of magnitude calculated with respect to the 
ground level 4p* as zero; the notation is that adopted by Moore (1952). 
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TABLE I 


designation 

J 

Level 

Interval 

4/>» -2)'’ 

3/2 

15105.0 


' 

5/2 

16300.0 

1195.0 


1/2 

27050.4 

1609.3 


3/2 

28659.7 


4p* *r 

5/2 

101532. 1 

— 2596 . 6 


3/2 

104128.7 

— 1250.9 


1/2 

105379.6 


4p* 

3/2 

137531.3 

— 1077.4 


1/2 

1 38608 . 7 


4d *F 

312 

139792.4 

2446 . 4 


r>i2 

142238.8 

1928.3 


7/2 

144167.1 

1638.4 


9/2 

145805.5 


id *n 

1/2 

143995.6 

1 179.8 


3/2 

145175.4 

450.9 


5/2 

145626.3 

626.3 


7/2 

146252.6 


1 

3/2 

146164.9 


id *P 

5/2 

148808.1 

— 2195.6 


3/2 

151063.7 

— 1 700 . 1 


1/2 

152763.8 


2 

3/2 

149326.8 


id '■^P 

5/2 

149864.8 

1761 . 1 


7/2 

151625.9 


5« »2> 

1/2 

150906.3 

2939.6 


3/2 

153845.8 


3 

3/2 

152975.8 


id *Z) 

3/2 

153508.3 




Letters to the Editor 


373 


TABLE I {contd.) 


DoBignation 

J 

Level 

Interval 


3/2 

153866" 


r>9' 

5/2 

160257.4 

—935.7 


^l-l 

161193.1 


4p* '■‘/j 

3/2 

16S641.6 

202.1 


5/2 

16S843.7 


6p 

1/2 

18ie006.2 


ryjy^ D" 

3/2 

182198.0 

2522.5 


ryi:i 

184720.5 


5p 

1/2 

183829.0 

118.1 


3/2 

183948.0 


4 

3/2 or 5/2 

203261.7 


5 

1/2 or 3/2 

203465.4 


6 

5/2 or 5/2 

204247.2 


7 

5/2 

205162.3 


8 

3/2 

207243.0 


« 

3/2 

208561 . 1 



3/2 

210602.4 

3.505.8 


5/2 

214108.2 

2723.9 


7/2 

216832.1 


6<i "P 

1/2 

211713.3 

738.3 


3/2 

212451.6 

1817.4 


5/2 

214269.0 

2310.4 


7/2 

216579.4 



10 


3/2 


212726.9? 
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TABLE I (eontd). 


I^^signation 

J 

Level 

5d 

rti2 

214703.7 


3/2 

215097.9 


m 

215857.6 

11 

3/2 

214882.5 

12 

3/2 

216397.2 

13 

5/2 

217173.4 

14 

5/2 

217923.6? 

15 

3/2 

218927.1 

16 

3/2 or 5/2 

219852.9 

17 

3/2 

220282.6 

18 

5/2 

220348.9 

19 

5/2 

221793.8? 

20 

1/2 or 3/2 

222432 . 7 

21 

3/2 

222690.3 

22 

3/2 or 5/2 

224990.2 

23° 

5/2 

229823.1 

24° 

1 /2, 3/2 or 5/2 

232442.0 


Interval 


-394.2 
— 759.7 


Details of the analysis will be published shortly. 
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RADIATIONS FROM TWO RADIOACTIVE ISOTOPES 

OF GOLDt 

V. R. POTNIS* 

Bartol Research Foundation op the FraUklin Institute, ISwarthmore, 

Pennsylvania, IlgA 

{Received for publication M(wch 14, 1956 

ABSTRACT. The angular correlation function of the 330kov-358 kev cascade in the 
decay of has boon measured and is in accord wiih a 2-2-0 soqiKmce of spins for the low 

lying states of Pti»«. The extent of anisotropy at 1 80*' suggosts the first emitted gamma tran- 
sition to bo a mixture of F2 in Ml. The gamma radiation of the 185-day AuUif* hag been exa- 
mined by scintillation counting methods and is found to consist of quanta at 31 kev and 99 
kov in coincidence and the associated cross-over transition at 130 kev. 

INTRODUCTION 

Naturally occurring platinum was irradiated by deuterons of energy 15 Mov 
for 4.1 hours at an average beam current of 75 miiTo-amperes in the cyclotron 
at the University of Pittsburgh. The radioactive isotopes of gold so produced 
were chemically separated from iridium, mercury, and platinum. The gamma- 
ray spectrum, as measured in Nal(Tl) crystal and two weeks following the ces- 
sation of irradiation is shown in figure 1. The apparatus is described in a pre- 
vious paper, Potnis ei al, (1956). Photopeaks are in evidence at 65, J58, 350, 
and 425 kev. The 158 kev gamma ray was identified by its decay period as 
b(dng emitted in the disintegration of Au^®®, and the 350 kev and 425 kev quanta 
could similarly be assigned to Au^®*. The x-ray energy of 65 kev is character- 
istic of the region of the noble metals. Calibration points for the spectro- 
meters were obtained at quantum energies of 31.4, 87, 279, and 661 kev. The 
radiations of these energies were obtained from monoenergic gamma ray emit- 
ters such as Cdi<^*, Hg203, and Cs^^?^ The 31.4 kev x-rays were those of Ba*^’ 
which are emitted following conversion of the 661 kev gamma ray. 

GOLD 196 

decays to Pt^®* by orbital electron capture and the subsequent emis- 
sion of a 330 kev ->368 kev gamma-ray cascade. The radionuclide also decays 

t Communicated by Dr. C. E. Mandevillo. 

Permanent address, Gwalior (M.B.) India 

Assisted by the joint programme of the Office of Naval Research and the U.h. Atomic 

Energy Commission, 
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by iiegatron emission followed by the gamma ray at 425 kev. The angular corre- 
lation function of the gamma-ray cascade in Pt^®® has been previously measured 
by »Steffen (1951, 1953). His results indicated a spin assignment of 2 to the first 
and second excited states of Pt^®® and a scheme of 2-2-0 with the first emitted 
gamma-ray transition, a mixture of 95 percent E2 in Ml. Sources in the form 
of a dilute solution of AUCI3 as well as in the form of solid AuClg imbedded in 
gold gave within the statistical errors, the same correlation function. 



t'ig. 1. Enurgy spoftrum of gamma rays from isotopos of gold. 


The correlation function of the 330 kev— 358 kev cascade has been measured 
ill the present investigation. Pulse height selection was employed in either 
channel, each being set at the photopeak appearing at ~ 350 kev shown in figure 
1 and opened to a vidth of four volts. The resolving time of the coincidence 
circuit was 0.2 microsecond. The source was in the form of metallic gold contained 
in a carbon cylinder. The distance of the source from the face of either crystal 
was 13 cm, and the half-angle of the detecting system was 7.5 degrees as measured 
by the coincidence rate of the annihilation radiation of Na^^. An initial test of 
the proper function of the apparatus was carried out by measuring the anisotropy 
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of the gamma-gamma coincidences of Co^® Ni®®. Measurements were performed 
at five different angles, the moving counter being placed at intervals of 22.5 degrees 
])etweeri the angles of 90 and 180 degrees with the axis of the fixed counter, Ooin- 
('idences were accumulated at each angle for a period of five minutes at a time. 
This range of settings was traversed repeatedly so that any decay correction was 
eliminated. Approximately 10,000 counts were obtained at each angle. 

The results of the measurements are presented in figure 2 where the observed 



2, Angular correlation function of the 330 kev — 358 kev cascade in the do-oxoitH.tion 
of Ptiofi. Observed points are shown with statistical errors, ("urvo A — L(‘as<; sc^uaro 
fit of the data. Curve B>— Curve A corrected for angular resolution of the detectors. 
Curve C — Theoretical correlation function for decay scheme 2(E2); 2(E2); 0. 

Curve D — Expected for a decay scheme 2(E2, Ml); 2(E2); 0. 

points are shown together with their respective statistical errors. A ‘'least square” 
fit of the data yielded the function 

W{0) = 1-0.66 cos2 ^+0.88 cos« 0 

where the probable errors of the coefficients of the terms in cos 6 are about three 
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percent. When the function is modified for the finite angular resolution of the 
apparatus, it becomes 

W(0) = 1-0.90 cos 2 a+i,n cos^ a. 

This latter curve is also plotted in figure 2 along with the theoretically expected 
distribution for a 2—2—0 spin sequence and both transitions pure electric quadru- 
pole. The observed anisotropy at 180 degrees is 0.27 which is larger than would 
be expected for the pure cascade. A theoretical distribution function with the 
first emitted quantum a mixture of 96.7 per cent E2 in Ml is also plotted and 
agrees well with the observed function corrected for angular resolution. Thus 
is indicated the fact that the first transition occurs as a mixture with the above 
mentioned intensity ratio. The sign of the ratio of the matrix elements of the 
two types of transition was found to be positive, corresponding to a phase differ- 
ence of 180°. Data available with regard to the internal conversion coefficients 
of the gamma rays are consistent with the condition that both transitions be 
electric quadrupole in character. The correlation observations of the present 
investigation are in essential agreement with those already obtained by Steffen 
(1951, 1953). Thus the spin assignments support the shell model predictions 
for an even -even nucleus like Pt^®®. 

GOLD 195 

After a time of decay of about three months, the source previously employed 
in the study of Au^®* was used to measure the radiations of Au^®®. 

Gold (195) is known to decay to excited states of Pt^®® by orbital electron 
capture. The radiations emitted in this process have been examined in magnetic 
spectrometers and coincident Geiger counter arrangements, and several energy 
level schemes for Pt^®®have been proposed. Steffen et al. (1949) found two non- 
coincident gamma rays with energies of 95 and 129 kev. De-Shalit et al, (1952) 
reported 29 and 97 kev gamma rays in cascade and a cross-over transition at 
126 kev. Gillon et al, (1964) have observed conyersion lines corresponding to 
the gamma-ray energies of the cascade but did not detect any cross-over transition. 

The pulse-height distribution of the gamma rays of Au^®®, as measured 
in a scintillation spectrometer, is shown in figure 3. Photopeaks are in evidence 
at quantum energies of 32, 66, 99 and 130 kev. The 32 kev photopeak is actually 
a composite one formed by the 37 kev escape peak of the 66 kev x-rays of Pt 
and the 31 kev gamma ray. When the pulses of this peak were absorbed in copper, 
two slopes were obtained corresponding to energies of approximately 31 and 66 
kev, showing the presence of photoelectric pulses of a 31 kev gamma ray as well 
as those of the escape peak of the x-rays. These data are shown in the absorp- 
tion curves of figure 4. Prom the counting rates at zero absorber thickness, 
it is estimated that 14 per cent of the pulses in the peak arise from the 31 kev 
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gamma ray itself. The pulses of the 131 kev peak were similarly absorbed as is 
also plotted in figure 4, and the slope of the curve suggests an energy of 130 
kev. Thus is eluninated the possibility that this peak arose from the simulta- 
neous detection of the 31 kev and 99 kev gamma rays which are in cascade. Thus, 
in addition to the x-rays of platinum, it has been shown that three gamma rays 
are present in the decay of Au^®®, the cascade, and the associated cross-over 



0 5 10 15 20 25 

VOLTS 

Fig. 3. Energy spectrum of gamma rays from Au 


transition. The 100 and 130 kev gamma rays are also observed in the 
proton and alpha-particle bombardment of natural Pt and assigned to Pt^®* by 
Stelson and McGowan (1966). Gamma rays of energies 29, 98, 128, 210 and 240 
kev have been observed in the electric excitation of Pt^®® by Bernstein and Lewis 
(1966). The relative intensities of the unconverted quantum radiations can be 
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estimateKl from the areas under the photopeaks of figure 2. They are 1, 12, and 
2 in order of ascending energy. In making this estimate, corrections were ap- 
plied for variation of the detection efficiency of the crystal with energy and the 
similar variation of the photopeak to Compton cross-section ratio. 



MILS OF COPPER 

Kig. 4. Absorption of phoiopoaks of figuro 3 in copper. Arrows indicate half-value thick- 
ness in mils of copper. Values 113, 69, 26, and 3 mils of copper correspond to 
gamma rays of 130, 99, 65, and 31 key. 


Coincidences between the gamma rays were measured, and the results are 
shown in figure 5. With one channel fixed at 99 kev., the data of figure 5A 
were obtained showing no detectable coincidences between the 99 kev gamma 
ray and any radiation of energy 130 kev. This shows that 130 kev gamma ray is 
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a cross-over transition of the 31 and 99 kev gamma-ray cascade. With one channel 
fixed at the x-ray peak, the data of figure 5B were obtained, showing coincidences 
between the x-rays and the three gamma rays. 



VOLTS VOLTS 

Fig. 5. (A) Gamma-gamma coincidencen with 99 kov gamma ray. 

(B) Gamma-gamma coinoidences with 65 kev x-rays. 

The total conversion coefficients of the various gamma rays have been pre- 
viously measured, and when they are combined with the relative intensities of 
the presently measured unconverted quantum radiations, the transition probabi- 
lities of Table I are obtained. From a consideration of these transition intensities, 
it can be concluded that the 31 kev gamma ray is the first emitted of the 
cascade. 


TABLE I 


Energy, 

kev 

Uncon vi^r ted 
quantum 
intonsitio.«i 


Hc'f’eroiice 

Kelativ(» transi- 
tion prohability 

31 

1 

7.3 

De- Shall t 

8.3 

99 

12 

9 

Do- Shall t 

120 



3.15 

SU’ffcn 

49.8 

130 

2 

1.28 

Steffen 

4.8 


Depending upon which of the two values of the conversion coeflScient of the 99 
kev gamma ray is employed, the percent of capture transitions terminating at the 
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130 kev level is calculated to be 11 or 23. Previously reported values are 10 
and 35 percent. 

The decay scheme of Au^*® is shown in figure 6. The ground state spin 1/2 
of Pt**® has been measured by Jaeckel and Kopfermann (1936) in agreement with 



Fig, 6. Decay scheme for 

the orbital as indicated by the shell model. The data of Cork et al (1954) on 
the conversion in K- and L- shells for 31 and 99 kev gamma rays favour an 
assignment of Ml for both the gamma rays. The shell model indications of orbi- 
tals ^ 3/2 and fbJ2 to 99 and 130 kev levels agree with these assignments. With 
these assignments the 130 kev gamma-ray becomes E2 in nature. The measured 
conversion coefficients for this gamma ray (referred to in Table I) are not totally 
inconsistent with this classification. A spin of could be assigned to the ground 
state of on the shell model considerations. 

The foregoing results are to be compared with those obtained by Cork et 
al (1954) and Potnis et al (1966) who have investigated energy levels in Pt^®* by 
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way of the decay of In the work of Cork e,t al, the cross-over transition 

was not reported, whereas it was observed by the second group of authors. Their 
work is confirmed by the present investigation. 
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Plate IX 

ABSTRACT. The Raman spectra of J . 1 -dichloroothane and 1,1,1-tricliloroethane 
in tho vapour state at lOO^'C and 125"C respectively have been studied and compared with 
those of tho substances in the liquid state at about 30®C and at temperatures nearly equal to 
those of the vapours mentiorK^d above. It is observed that there is no appreciable change 
in the spectra with the change of tempt*rature of the liquids, but as soon as th(? liipiids are 
transformed into the vapour phase, tho frequency-shifts of some prominent lines incrtuise 
and a few prominent Ktiman lines becom(' much broader. These changes have? been explained 
on the assumpt ion that one half of the molecule in each case rotates freely about tlio (--fJ 
bond in the vapour state and probably the frequencies of the corresponding vibrations in the 
molecules in which t-ho two halviw are mutually orientated in such a way that the C%H bond 
in the two halviw arc in t he same plane (eclipsed), may be slightly difforcjnt from those due to 
tho molecules in which one of the C-H bonds is rotated from the orientation mentioned above 
through 60^' about the C-C- bond (staggered). It is also pointed out that in the liquid phase 
intormolecular field prevents such free rotation about the C-C bond. 

INTRODUCTION 

The Raman spectra of 1, l-dichloroethane and 1,1, l-trichloroethane both in 
the liquid and solid states have been investigated by Bishui (1948) and Biswas 
(1953) respectively. In the case of 1, l-dichloroethane Bishui (1948) observed that 
there are too many Raman lines in the spectrum to be produced by the funda- 
mental modes of the single molecule. It was pointed out that as there is hardly 
any probability of the existence of two rotational isomers, namely trans and 
gauche, in such a liquid, the extra lines appear because of the formation of some 
associated groups of molecules due to the influence of intermolecular field bet- 
ween neighbouring molecules of the liquid. While discussing the Raman spectra 
of 1,1,1 -and 1,1,2-trichloroethane in the liquid and solid states Biswas 
(1953) pointed out that the influence of intermolecular field in the liquid and 
solid states on C— Cl stretching oscillations could be determined only by studjdng 


* Communicated by Prof. S. C. Sirkar. 
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ths Rftinan sp6ctrfl» of thoso subBt&Ticos in tli6 vs-pour state. Tt was observed 
previously (Mazumder, 1963) that in the case of 1,2-dichloroethane, the ratio of 
the intensities of the lines 664 cm-i and 765 cm-’ changes abruptly with the 
change from liquid to vapour state and also with the change from lic|uid to solid 
state. No such changes take place with the change from liquid to solid state 
in the case of 1,1-dichloroethane and 1,1,1-trichloroethane. It was not known 
however, whether any change in the relative intensities of any of the lines takes 
place with vaporization of the liquids. The Raman spectra of the substance 
in the vapour state have, therefore, been investigated and the results have been 
discussed in the present paper. ' 

E X P E R 1 M E N t A L 

The experimental arrangement was similaf to that used by the author in his 
previous investigation (Mazumder, 1955). Tlie liquids 1, 1 -dichloroethaiie and 
1,1, 1-trichloroethane were distilled several tinles in vacuum before being intro- 
duced in the thick- walled Wood’s tube of s|)6cial design (Mazumder, 1954). The 
temperature of the tube containing requisite quantity of li(|uid u as raised to about 
lOO^O in the case of 1, 1-dichloroethane (B.P. 57.3^C) and 125°(’ in the case of 
1,1,1-trichloroethane (B.P, 74'^C). The pressure developed inside the Wood's 
tube at those temperatures of the vapours of the corresponding liquids was about 
3.5 atmospheres in each case. 

The Adam Hilger two-prism spectrograph which was used by the author in 
previous experiments was used in the present experiment also. Ilford Zenith 
plates were used to photograph the spectra. In both the cases the Raman spectra 
of the liquids at room temperature and at temperatures nearly equal to those 
of the vapours were also photographed for comparison. Three spectrograms 
were obtained for the vapour state in each case in ordcT to avoid spurious 
results. Microphotometric records of all the spectrograms were taken with 
a Kipp and Zonen type self-recording microphotometer. 

RESULTS AND DISCUSSION 

The Raman spectra of 1, l-dichloroethane in the vapour state at lOO^^O and 
in the liquid state at 100®C and 30°C are reproduced in figures 1(a), 1(b) and 1(c) 
of Plate IX, The spectra for 1,1,1-trichloroethane in the vapour state at 125 C 
and in the liquid state at 150°C and 30'^C respectively are reproduced in figures 
2(a), 2(b) and 2(c) in the same plate. The frequency-shifts are given in Tables 
I and II. Microphotometric records of the Raman lines of both the substances 
having frequency-shifts in the range 200 cm~^ to 800 cm”^ are reproduced in 
figures 3 and 4. 

It can be seen from Table I that when 1, 1-dichloroethane in the liquid state 
is heated from 30^*0 to lOO^C, its Raman spectrum does not change appreciably. 
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The Raman spectrum, however, undergoes considerable changes with change 
from the liquid state at 100°C to the vapour phase at 100®C. The lines 320 
and 690 cm^^ shift respectively to 325 cm“i and 703 cm-^ and the first line 
becomes much stronger. The lines 274,325 and 703 due to the vapour are 
much broader than the corresponding lines due to the liquid phase. Also the 
lines 2935 and 2987 cm^^ due to C — H stretching vibrations shift respectively to 
2945 and 2992 cm“^ and the lattjer line becomes broader in the spectrum due to 
the vapour. 

Similar changes are also found in the spe^rum due to 1, 1, l-trichloroethane 
with the change from liquid to vapour plase. The lines 242, 346, 712 and 

TABLE If 
1, l-DichJoroethane. 

Av in cm~^| 



Liquid state 


^ Vapour state 

at 30®C 

at lOO'^C 

at lOO'^C 

274 (6)±o,k 

274 (4)±e,k 

274 (2b) 

320 (1) 

e, k 

320 (4) 

e, k 

326 (lb) 

404 (4)i:e, k 

404 (3)±e,k 

404 (3) 

640 (8) 

e, k 

640 (6) 

e, k 

642 (5) 

690 (4) 

e, k 

690 (2) 

e, k 

703 (2b) 

975 (2) 

0, k 

975 (1) 

e, k 

975 (1) 

1054 ii) 

0, k 

• 1054 (J) 

e, k 

1071 (I) 

1086 (2) 

e, k 

1086 (i) 

e, k 


1270 (1) 

e, k 




1350 (0) 

0, k 




1440 (3) 

e, k 

1440 (i) 

o, k 


2035 (7) 

e, k 

2935 (5) 

e, k 

2945 (5) 

2987 (7b) 

0, k 

2987 (6b) 

e,k 

2992 (2b) 

3060 (1) 

e 

3061 (1) 




3007 cm“^ become broader, while the lines 523 and 2937 cm ^ remain as sharp 
in the case of the vapour as in the spectrum due to the liquid. The lines 712, 
2937 and 3007 om^'^ shift respectively to 717, 2946 and 3016 cm“^‘. 

, The lines which become. broader in the vapour state of the two compounds 
ar4 either due to antisymnietrie oscillations or due to bending vibrations. The 
broadening of these lines in the spectra observed With vaporization of thes^i 
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TABLE II 

1,1, l-Trichloroethane 
Av in 


Liquid state 

Vapour state 

at 30°C 

at 150°C 

at 125°C 

242 (7)ie,k,i 

242 (4) 

242 (lb) 

346 (8)_Lo, k 

346 (5) 

346 (2b) 

523 (10) 

±e, k 

523 (6) 

523 (4) 

7J2 (fib) 

e, k 

712 (3b) 

717 (lb) 

1070 (1) 

e, k 

1070 (0) 


1084 (2) 

e, k 

1984 (0) 


1186 (0) 

k 



1360 (1) 

e 

1360 (0) 


1425 (1) 

e, k 

1425 (0) 


1448 (2) 

o, k 

1448 (0) 


2037 (6) 

e, k, i 

2937 (3) 

2946 (4) 

3007 (3b) 0, k 

3007 (lb) 

3016 (lb) 


two substances clearly indicates that it is produced by the rotation of one hall 
of the molecules about the C-C bond. Probably, the frequencies of the corres- 
ponding vibrations in the molecules in which the two halves are mutually orien- 
tated in such a May that the C-H bonds in the two halves are in the same plane 
(eclipsed), may be slightly different from those of the molecules in which one of 
the C-H bonds is rotated from the orientation mentioned above through 60® 
about the C-C bond (staggered). This difference seems to be larger in the case 
of I, 1-dichloroethane than in the ca«e of 1, 1, 1 -trichloroethane probably 
because of the symmetric distribution of the Cl atoms about the C-C bond 
in the lattei’ case. When one half of the molecule rotates freely about the C-C 
bond, the frequency changes continuously between the two limits and a broad 
band is produced. It is also expected theoretically that the symmetrical oscil- 
lations involving C-C stretching and C-Cl stretching will not be affected very 
much by such rotation of the two halves. If there would be a mixture of two 
forms of the molecules in the vapour state with the different mutual orientations 
of the two halves of the molecules as mentioned above, each of the lines due to 
the liquids mentioned above would be split up into two lines in the vapour state. 
But actually, a broad band instead of two sharp lines is observed in each case In 
the vapour state in place of such a single line. 
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T1i 6 r68ults ni6ntion6d abov6 thus furnish cvidenc© for tho existence of free 
rotation of one half of the molecule about the C-C bond in the vapour state of 
the two compounds studied in the present investigation. In the case of disubsti- 
tuted ethanes in which the substituents are present in both the halves of the mole- 
cules no such free rotation has been observed. But the difference in the frequen- 
cies of the C-Cl symmetric oscillations for two configurations of the molecules 
was found to be much greater (Mizushima et al, 1938) than that in the case of 
the molecules studied in the present investigations. This difference is evidently 
due to the influence of intermolecular field in the liquid state on tlie substituents 
as pointed out earlier (Mazumder, IflfiB). In the liquid state the two compounds 
studied in the present investigation give sharp lines. This shows that there 
is no such freedom of rotation of one half of the molecules probably due to the fact 
that the intermolecular field acting on one half of the molecule containing the 
substituent produces a single stable configuration of the molecule. 

Table I shows that the two lines 1054 cm~i and 1086 cm coalesce to form 
a line at 1072 cm~^ when 1, 1-dichloroethane is vaporized. One of these two 
lines may be due to the associated groups of molecules whicth may be present 
in the liquid state. This probably confirms the suggestion made by Bishui (1948) 
that in the liquid state some of the molecules may be associated with each other. 
The shift of the line 690 cm“' with the change from liquid to solid (Bishui, 1948) 
and from liquid to vapour state may be due to strengthening of the virtual bond 
in the solid state and its dissociation in the vapour state. In the case of 1,1, 1- 
trichloroethane also the line 712 cm~' shifts slightly with the changes of state in 
the same way as the line 690 cra“^ in the case of 1, 1-dichloroethane and this shift 
may be due to the same reason in both the cases. 
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AB STRACT. This paper deals with the general problem of a radiating element bent 
in the form of an arc of a circle assuming a sinusoidal current-distribution along the length 
of the arc. The far field in the plane of an isolated circular arc current-filament is derived. 
This leads to the derivation of the radiation fields of two types of symmetrical composite arc 
antennas in the horizontal plane. The vertical radiation patterns of the composite types of 
arc antennas are also derived. In the experimental section of the paper, the horizontal patterns 
of the composite types of anteimas are verified for cases where the radius of the arc is small 
compared to the wave length. 


SECTION I 

INTRODUCTION 

In this paper an attempt is made to determine the radiation fields of circular 
arc antennas. The present investigation appears to be the first general one into 
the problem of circular arc antennas. 

The previous work on circular antennas has been restricted to closed circular 
loops and open circular loops. While there have been quite a few references to 
circular loop antennas in literature (Sherman, 1944 ; Moullin, 1946 ; Foster, 1944 ; 
Glinsky, 1947), the most general ones appear to be those of Sherman and of 
Glinsky. Sherman has investigated closed and open circular loops whose circum- 
ferences are an integral number of wavelengths, assuming a sinusoidal distri- 
bution of current. He has deduced the far field in the plane of the loops and 
along the axes of the loops. Glinsky takes into account the attenuation of the 
current along the loop in deriving the radiation field of the loop, the circum- 
ference being of the order of half a wavelength. 

By a circular arc antenna is meant a radiating element bent in the form of 
an arc of a circle. The radiation field due to such an arc in the plane containing 
the arc is derived. Neither the length of the arc nor the angle subtended by it 
at the centre is restricted. 

These results lead to the derivation of the horizontal radiation patterns of 
two symmetrical composite circular arc antennas. 

The radiation pattern of the composite antennas in a vertical plane contain* 
ing the line of symmetry of the antennas, is also derived. 
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The theoretical radiation pattems in the horizontal plane of the composite 
types of antennas are verified experimentally for a few particular ceases where 
the radius of the arc is small compared to tiie wavelength. The horizontal radia- 
tion pattern of a horizontal half-wave dipole has also been obtained to check the 
degree of agreement between the observed and theoretical patterns under the 
experimental conditions. The experimental observations arc in fair agreement 
with the theoretical patterns. 

In the last section of the paper, a short account- of the method of evaluation 
of the integrals concerned is given. The M. K, S. system of units is used. 


SKCTION JI 

'J' H E BASIC V\ H C U 1. A H A li A N T 10 N N A 

In figure 1, AB is an arc of a circle, centre O, radius a and subtending an angle 
/J at O. OA is along OX. The arc AB is the antenna and is fed at A by some 
method, so that assuming a sinusoidal distribution of current along the arc, at 
J3, there is a current node. The positive direction of (current at an intermediate 
point, Q, is for convenience, assumed to be anti clockwise. Our problem is to 
evaluate the radiation field at P, a distant point in the plane containing the arc 
AB. Since P is a very distant point, QP and OP can bo considered parallel. 



The current / at ^ on AB in terms of the maximum value of the current 
at a current antinode is given by 

/ 2naAlf^ \ 

7 = /,„8in x j 

^ - a) 

Ip- — angle AOQ, A == . 

A = wavelength of the radiation in free space and 
p = angle AOB 


where 
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The magnetic field at P due to a small element of length of the antenna 
at Q is given by 

ladrlf ■ Mt-ile) 

^^=3 - (2) 


where y = angle 8QP, SQ being the tangent at Q to the arc 
z = PQ 

c = velocity of electromagnetic radiation in free space 
« = angular frequency corresponding to the wavelength A 
^ — angle XOP 
t = time 


j — V— I 

From the geometry of figure 1, noting that OP ^ AB 

y = 9O°+C^“0) ... (3) 

z = Zo -- aco^(\lr—(l>) ... (4) 

where Zq = OP. 


In equation (2) the z in the denominator can be substituted directly by 2 , 
while the more refined substitution of equation (4) should be carried out in the phase 
term in accordance with the practice in radiation theory. 

Carrying out the substitution of equations (3) and (4) in (2) we have 




•A^) cos (^— <4)e 




Zo , n 

cos 

c c 


{f-^ ] 


d-^ 


( 5 ) 


To obtain the field at P due to the entire antenna we have to integrate the 
expression between the limits 0 and § of rjf. Calling the total field we have 



I . /AO 

0 ® 


A\lr) cos — ^)e' 




[t-‘^ +“cos 


df 


( 6 ) 


The evaluation of the integral is rather involved and the method of evalua- 
tion is given in the final section. 

The value of the field is obtained as 




2A2„ L J 


X[A 0O8(m+l)(/?-^)-^ co8^/?co8(n+l)^-(«4-l)8in^/?8in(n+l)^J 
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where j = y/—\ 

nsany positive integer including zero, 

Jx(A), Jn{A) etc are Bessal’s function of argument A and order 1, n, etc. 

In figure 2^ we have the circular arc radiator which can be considered as the 
complement of the antenna of figure 1. It carries a current that is the “return” 
for that of figure 1. is the antenna fed from A\ The nomenclature of 

the different points in figure 2 is the same as in figure 1 except for the primes. 
The current at an intermediate point Q' on the antenna is given by equation, 
(1), the positive direction being anti-clockwdsi along the arc. The distant point 
at which the field is considered is P as before. 



Fig. 2. The complementary basic circular arc nnicnna. 

From the geometry of the figure we have 

Y = 90“-{^+^) 
z' = Zq— « <*08 {ilr+(l>) 

The field at P due to the entire antenna A' B' is given by 

y<or«-*® f - fos (^4 f)] 
C09 (f +4^) maiAp-A^y 

J 2AZo 
0 ^ 

On evaluating the integral we have, 

— i \ in \.dj^A)^J cOS (n+lK^^+A) 

•^2Azo|^^ 

■ n«o 

-A COB AP COB (»+l)?i+(w+l) (»+l)?^] 


(«) 
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In the equations (7) and (8), some terms become indeterminate when 
A =(w+l). These can be evaluated using the usual methods of evaluating 
indeterminate forms. 


SECTION III 

HOKIZONTAL RADIATION PATTERN OF THE COMPOSITE 
CIRCULAR ARC ANTENN A-^T Y P E I 

This type of antenna is illustrated in figure 3. The radiation pattern in the 
plane containing the antenna (referred to as the horizontal plane) can now be 
deduced from the equations (7) and (8). 



Fij;. 3. The composito circular arc antenna — Type I. (For the horizontal pattern) 

AB and A' B' are the antenna elements. The transmission lino feeds the 
antenna at A and A\ (This feed arrangement means that if at any point in AB, 
the instantaneous direction of current is counter-clockwise, then m A' B' at the 
corresponding point the direction is also counter-clockwise. (See section IT.). 
R and R are the centres pf the arcs. O is the centre pf R R\ and is the origin. 

The radiation pattern of AB is known with respect to its centre R, taking 
RO as the initial line. The required change in the azimuth of P, to make equa- 
tion (7) apply to this case, is obtained substituting 90®+^ fot^ in equation 
(7). P is the point at which the field is being considered. The necessary change 
in the phase term is effected by expressing RP in terras of OP and other related 
parameters. From the geometry of the figure, noting that P is a distant point, 
we have 

RP = sin (f> r ( 9 ) 

since RP == PU = OP—OU = Zq a sin 0. 

The Zq of equation (7) has to be replaced by Zq— a sin 0 (in the phase term only) 
and <f> of equation (7) replaced by 90°+^. The of equation (7) in the amplitude 
term need not be changed in conformity with the practice in antenna theory 
since the effect on the amplitude is relatively insignificant. Carrying out these 
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substitutions and tho necessary simplifications we have, for the field at P due 
to AB, 

If ^ ,• " sin d,){ : Ji{A) „ 






9 - 1 , 3, 6 .... 


‘A COS -4/? COS (o'+l)^— (<7+l) sin Afi sin (^+1)0] 


^ (l>+l)(/^'-0)+^ cos sin 


^>=0,2,4 .... 


— (p-f 1) sin cos (^)+l)0]| ... (10) 

where q == any positive odd integ^ 

p = any positive even integer 
Jp(A), JqiA) etc. are BesseFs functions. 

In a similar fashion the field due to B' in the juxta-position given in figure 
2, can be obtained from equation (8) by substituting — (90''— 0) for (j> and 2 ^,+ 
a sin ^ for Zq in that equation. Carrying out these substitutions and the neces- 
sary simplifications, we have for the field at P due to 4' J5', 




zo a . 


5 9 ^)| j (1- coa'Afi) 


^ (9+l)(^+/®)— ‘^‘•8 Afl cos {q+l)4> 

‘ ’ —((/ 4-1) sin sin (^-1- 1)95] 


4-^ jsj' {•fpiA)—Jp^(A) M 8in(p-(-l)(^4/))— ^ cos ^^sin (p4-l)^ 

— (p-fl) sin J/?co8(p-(-])^]j ... (11) 

Tho total field at P is given by the addition of Hi and and we have after 
some simplification 
H = Hi+H^ 

(l-cosyl^)cos (^sinii) 

X[jA cos {A sin <!>) cos (^+ 1)^{<^08 (y+1)^— cos A^} 

+ sin (A sin 0) sin (2+l)^{(9+l) Afi—A sin (?+l)/^}] 

-f f 2(_4)L ijA sin (A sin 0) sin (i^+l) 9^{ cos ^4/?— cos (jJ+1)/?} 


p«0,2,l 


+COS <!> cos (A sin <f>){A sin 
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The symmetry of the pattern as defined by equation (12) about the axis 
OX is apparent on substitution—^ for (}> when the value of H remains unaltered 
both with regard to the amplitude and phase. On substituting 180"^— for 
the quadrature terms remain unaltered while the in-phase terms reverse in sign. 
This does not alter the amplitude of the field which is the square root of the sum 
of the squares of the quadrature terms and the in-phase terms. 

SECTION IV 

HORIZONTAL RADIATION PATTERN OF COMPOSITE 
ARC ANTENNA—TYPEII 

This type of the arc antenna is illustrated in figure 4 and is made up of the 
two basic types. The transmission line feeds at A and A\ The positive direc- 
tion of current at any two corresponding points of the antenna have already been 
mentioned in the section on the basic circular arc antennas. (See section II). 


B 



Fig. 4. The composite circular arc antenna — Type II. (For the horizontal pattern) 

The field at the distant point P due to AB and A'B' is obtained by adding 
the fields due to AB and A'B' separately as given by equations (7) and (8). 
Performing the addition 

H = j fj- 3^(1- cos Afi) 

I ^ 

A cos(n+l)^[co9(^+l)/^— ) ... (13) 

n-o k T > 

SECTION V 

VERTICAL RADIATION PATTERN OP THE COMPOSITE 
CIRCULAR ARC ANTENNA— TYPE I 

, , Figure 6 illustrates the composite circular arc anteona Type I. The field 
pattern in the plane XOZ is required, XOZ being referred to as the vertical plane. 
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Q and Q' are two corresponding points on the two arcs, AB and A'B' of the 
antenna. The positive directions of current at Q and Q' are from to 5 and 
from Q' to A' respectively (See section II). The tangents at Q and Q’ are inclined 
to the X axis at angles of on either side of OX. 


I 



s' 

Fig, 5. TJio composite circular arc antenna — Typo I. (For the 

vortical pattern). 

Take small elements of the antenna, adxjry about Q and Q' and split them into 
components along OX and OY respectively. Let us write down the elementary 
fields in the plane XOZy due to the two components each at Q and Q' of the ele- 
ments, ad^Jr, of the antenna. 

dH^ = 3 sin xjr d,ijr 

2Az 

(14) 

dH^ = cos xl> df 

(15) 

dH^ = j sin ^ ^oUt-zle dijr 

2iAz 

(16) 

dH, = — j — cos ilr dtk 

2A* 

(17) 


where dH^ and dH^ are respectively the fields due to the components along OY 
due to the elements of the antenna at Q and Q\ 

dH^ and dH^, are respectively the fields due to the components along OX 
due to the elements of the anteima at Q and Q\ 
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z = QP = Q'Py P being the point ^vhe^e the field is being considered. 

0 ^ angle XOPy the elevation of P. 

The other symbols have already been explained. 

The value of dH^ is negative because of the direction of current at Q* relative 
to that at Q, 

The total field at P due to the small elements of the antenna at Q and Q' is 
given by 


dH == dH^ + dH^ + dH^ + dH^ 





... (18) 


Now u) = QP = OP—OM = Zo—a sin rjr cos 0 
where Zg = OP and QM is perpendicular to OP. 

1 = sin (A(i — Af) 

Making these substitutions in (18) we have 


and, 


... (19) 


... (i) 


dH = j sin (A^ - Af) ain e H ' c ^)dr/> ... (20) 

AZq 

The total field at P is given by 

// = ^dH 
0 


=f^' 




* ^^9 sin {Afi'—A\lf) sin \Jf e ^ ^ ^ 

AZti 


dijr 


This integration though involved can be performed and we have fina% 


fi = j ?){iiW(l-cos Afi) 


"S rcos(?+I)/?-cos^/?] 

S (p+l)/?-(2>+l) sin Ap^ ... (21) 
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\\ here k A cos 0 

angle of elevation 6 is involved in the pattern only as the argument of 
the Bessel function i.e. A cos Putting ~0 for 0 docs not alter A cos and 
hence the field pattern as defined by equation (21) is symmetrical about OX 

On substituting 180“ -^? for d, A costf becomes negative. We have as a 
property of Bassels functions. 

Jn(^) ^ Jn(-^k), if n is even 

^mi^) = «^n( — ^)} if is odd 

This means that all the ejuadrature terms reverse in sign. But this does 
not alter the amplitude of the field which is the square root of the sum of the 
squares of the quadrature terms and the in-phase terms respectively. 

SECTION VI 

VERTICAL RADIATION PATTERN OF THE COMPOSITE 
CIRCULAR ARC A N T E N N A -T Y P E 11 

Figure 6 illustrates the (urcular arc antenna — ^type II. The far field at any 
point P in the piano XOZ is required. 


2 P 



Fig. 6. The composite circular arc antenna — Type II. (For the vertical pattern).J 

Following arguments identieal with that given in the previous section, 
the differential field at P due to differential elements ad^ of the antenna at Q 
and Q' is given by 

dH = j hf Bin (Ap-A^jf) cos ^ <>Uf 
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The total field at P due to the entire antenna is given by 

f f J a sinitoosff) 

iT = I rfH = j j sin (Afi—A^) cos ijre ® ® 'd\Jf 

0 0 ® 

On performing the integration we have. 

H =j eM*" ^")|j (1 — cos Ap) 

V .A. 

n-j; 

A-Y^3\A. [<-•«« (« + DA - co8.4/y ]} ... (24) 

WeO 

where h — A cos 0 

In a manner identical to that used in the previous section it can be seen 
that the pattern as defined l:)y (24) is symmetrical as far as the amplitude is con- 
cerned about the axes OX and OZ. Equation (24) for the value of ^ = 0, 
will agree with the value of equation (13) for the value (j) ~ 0, as both equations 
for these two particular values define the field at any point along the axis OX, 


SECTION VII 

EXPERIMENTAL V E H 1 E 1 (J A T I () N 

The horizontal relative radiation intensity patten is of the composite types 
of circular arc antennas have been obtained experimentally in three cases where 
the values of A were small. The relative intensities at different azimuths are with 
resj)ect to the intensity at the azimuth e(|ual to 0°. The type and particulars of 
the antenna under test are given in the figures concerned. Since the patterns 
are symmetrii^al, only the values of the relative intensities for one quadrant are 
given. 

The observed relative intensity pattern of a linear half wave dipole has been 
obtained under the same conditions under which the other patterns were obtained. 
This was to chock, under the conditions of the experiment, the extent of agreement 
between the observed values of the relative intensities and the theoretical values 
for an antenna whose radiation pattern can be considered to be well established. 
This also helped to decide that the observed relative field intensities were reliable 
and that they had not been vitiated by extraneous factors like haphazard 
reflections, pick up from the ammeter leads, etc. 

The antenna under test was used as the receiving antenna and the relative 
intensity pattern was obtained by rotating the receiving aerial. The output 
from the aerial was rectified using a crystal diode and the detector current indicated 
on a micro-ammeter placed some distance away. 
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The frequency used was 246Mc/8. The iransnnttor was of the U.S. Navy 
ype CWS-62244 with a rated output of 25 watts. The distance between the 
I f iuismitting aerial and the receiving aerial was about 50 yards. The trans- 
mitting aerial was arranged to radiate horizontally polarised waves with a 
fiurly sharp beam to minimise the effects of haphazard rc'fleotions. 

The figures 7, 8 and 9 give the theoretical and observed relative intensities 
for the composite circular antennas. The details pertaining to the antenna of 
each figure are given along with the figure concerned. The theoretical pattern 
is shown by a continuous lino while the observed values are marked by crosses. 



Fig. 7* Horizontal relative radiation ]3att-em 
of the composite circular arc antenna 
-—Type I. Theoretical and observed 
values (.4 = 0.5, — ^r). 


P7g. 8. Horizontal relative radiation pattern 
of the composite circular arc antenna 

Type I : Theoretical and observed 

values {A -- 1. 


X Observed values 
— ' Theoretical pattern 
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Figures 10 gives the relative intensity pattern of a half wave dipole and the 
observed values of the relative intensities. The agreement with the theorettical 


values can be seen from the figures. 


0 10° 20° 30° 



of tho composite circular arc antenna 
— Type II : Theoretical and observed 
values.(-4 — I, ^ = 7r/2). 


0 10® 20° 30® 



Fig, 10. Horizontal relative radiation pattern 
of horizontal half wave linear dipole : 
Theoretical and observed values. 


X Observed values 
— Theoretical values 


The actue.1 micro-ammeter readings are given in tho tables that follow, 
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TABLE I 

Composite circular arc antenna — ^Type I 


A = 

0.5, /? == TT 

(See figure 7) 


Azimuth 

Micro -am- 
meter read- 
ing in 

Obeervod 

relative 

intensity 

Theoretical 

relati\^o 

intensity 

0 

48.0 

1. 00 

1.00 

lO 

44.0 

0.02 

0.98 

20 

44.0 

0.92 

0.93 

30 

39.5 

0. 82 

0.84 

40 

39.0 

0.81 

0.74 

50 

28.0 

0.58 

0.62 

60 

18.0 

0.38 

0.50 

70 

0.5 

0.20 

0.35 

80 

4.0 

0.08 

0.18 

00 

0 

0.00 

0.08 


TABLE II 

Composite circular arc antenna — Type I 
A = = ^-(See figure 8) 


Azimuth 

Micro am- 
meter rea<i - 
ing in ya 

Observed 

relative 

intensity 

Theoretical 

relative 

intensity 

0 

42.5 

1 .00 

1.00 

lO 

41.0 

0.96 

0.99 

20 

36.0 

0.85 

0.94 

30 

38.0 

0.89 

0.88 

40 

33.0 

0.78 

0.80 

50 

22.5 

0.53 

0.68 

60 

11.5 

0.28 

0.52 

70 

4.5 

0.11 

0.38 

80 

0.5 

0.01 

0.29 

90 

3.5 

0.08 

0.24 
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TABLE in 

Composite circular arc antenna — Type II 

A = \, /f =^-(See figure 9) 

__ , . ^ 


.Azimuth 
in degrees 

Micro-am- 
. motor road- . 
ing in fta 

Observed 

relative 

intensity 

Theoretical 
relative „„ 
intensity 

0 

49.6 

1.00 

1.00 

10 

46.0 

0.93 

0.98 

20 

45.0 

0.91 

0.94 

30 

41.0 

0.83 

0.87 

40 

35.6 

0.72 

0.78 

50 

26.0 

0.63 

0.66 

60 

20.0 

0.40 

0.68 

70 

13.6 

0.27 

0.48 

80 

10.0 

0.20 

0.42 

90 

6.6 

0.13 

0.40 


TABLE IV 
(See figure 10) 

Horizontal half-wave dipole. (Dipole perpendicular to 0® azimuth) 


Azimuth 
in degrees 

Micro -am- 
meter read- 
ing in lia 

Observed 

relative 

intehsity 

Theoretical 

relative 

intensity 

0 

24.5 

1.00 

1.00 

10 

23.6 

0.96 

0.98 

20 

21.5 

0.88 

0.91 

30 

18.0 

0.73 

0.82 

40 

15.0 

0.61 

0.70 

fso 

11.0 

0.46 

0.65 

60 

6.0 

0.24 

0.42 

^ 70 

4.0 

0,16 

0.29 

80 

2.0 

0.08 

or; 16 

90 

0 

0.00 

0.00 
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SECTION VTII 

Method op Evalitation of the Inteoualb 

The integrals to be evaluated in the previous sections of the paper are of the 
following form. 


I sin {A/i — Aijr) cos + . dijr 


(26) 


In the expression (25) all the constant factoif have been omitted. 

The main difficulty in the integration of (25) is the presence of the factor 
ccw (V'+rt which cannot be directly integrated. This difficulty is got over by 
expanding using the well known Fourier Bessel expansions, namely, 

00 

ejx CO, (^+,) =„ J^{A)-\-'l ^ cos ft 

1 

Once this substitution is made, the terms of the resulting series are integrable 
term by them after judicious grouping of the terms. A few salient steps in the 
process are given below. 

y(^) = gill {A(i—A\lr) cos {\jf+<j>)e^^ co# 

= \ [sin 

O' 

+2^ cos 

n»i 

= J J^{A)[sm(A/i-Af-{-^+<j>)+iim{Afi-A\lr-,jr-<f>)] 

n« jo 

7>«1 

4-sin (w+l)(v!^+^)]+sin[^/y---^^+(w--l)(^+^)]} 

/ (^) can now be regrouped as follows noting that the term has some ol 

the terms in common with the term and taking care to include terms which 
may be left out of the regrouping. 

M) = i Xi \Ali^Ailr+{n-\-m+<l>)'\ 

+sin[A/ff— (»+l)(v!^+^)]}+i sin (.d/f— .d^ir) ... (26) 

Expression (26) can now be integrated term by term and the limits inserted 
to obtain the results given in the previous sections* 
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This method of evaluating the integral has been used by Moullin (1949). 
It should be noted that with this method there is no restriction on the values of 
and A. 

It should be noted that when A is an integer, one term each of the equations 
(7), (8), (12), (21) and (24) become indeterminate. These terms can be evaluated 
using the usual methods of evaluating indeterminate forms. 
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ON THE FLUORESCENCE OF PARA-BROMOTOLUENE, 
ORTHO-BROMO AND ORTHO-CHLOROTOLUENE IN 
THE SOLID STATE AT LOW TEMPERATURE.* 

D. C. BISWAS 

Optics Department, Indian Association for the Cultivation of Science, 

JaDAVPQR, CALOUTtA-32 

{lieceived for publication, April 20, 1950) 

Plate X 

ABSTRACT. The fluorescence spectra of /j-teomo toluene in the solid state at --40‘'C 
and -180‘=^C and those of o-bromotoluene and o-clibrotoluene at ~ 180^0 and the spectra of 
these molecules dispersed in frozen solutions in dilForent solvents have been investigated 
using mainly the group of Hg linos at 3650 A as the exciting radiation. The fluorescence 8)>©otra 
of these substances undergo changes when they are dispersed in different froztMi solvents, 
the nature of tlie change being dependent on the nature of the solvent used. Finally, it is 
pointed out that the nature of the fluoresceruje bonds given by those substituted toluenes 
is almost the same, but the position of the band system doi>ends on the mode of the substitution 
and that this fact precludes tho possibility of attributing this fluorescence to the presence » of 
some common imijurity in all these compounds. 

1 N H O D U C T I O N 

Fluorescence spectra of p-chlorotoluene in the solid state at different low 
temperatures and dispersed in frozen solutions in different organic solvents have 
been studied recently (Sirkar and Biswas, 1956; Biswas, 1956). It has been ob- 
served that the intensity of this fluorescence increases raj)idly with lowering of 
temperature of the solidified mass and the band system is appreciably altered 
when the substance is dissolved in w-hepiane, methyl cyclohexane, methyl alcohol 
etc., but the influence of the environment is found to be miujh less when the 
solvents are either carbon tetrachloride or ietrachlorocthylene. Further, the 
intensity of fluorescence of /?-chlorotoluene is reduced abruptly when the subs- 
tance is dissolved in carbon disulphide and the strength of the solution is lowered 
from 15% to 5% by volume. 

Such fluorescence is also exhibited by many other disubstituted benzenes 
(Sanyal, 1953; Biswas, 1954). The object of the present investigation was to find 
out how such fluorescence depends on the environments and temperature in the 
case of j?-bromotoluone, n-bromotoluene and o-chlorotoluene. The fluorescence 
of these compounds in the solid state and in frozen solutions in benzene, n-heptane, 


♦Communicated by Prof. S. C. Sirkar. 
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ethyl alcohol and carbon tetrachloride have been studied in the present investi- 
gation. 


K*X P E H I M E N T A 1. 

la 

The liquids studied in the present investigation were supplied by Eastman 
Kodak Co., N. Y. and were of chemically pure quality. The solvents and the 
liquids were repeatedly distilled in vacuum. 

The experimental arrangement is exactly the same as that described earlier 
(Biswas, 1956). The same ultraviolet light filter was placed in the path of the 

o 

incident beam to transmit mainly the 3650A group of Hg lines. The samples 
were sealed in p 3 iTex glass containers and were solidified by dipping the tube 
in liquid oxygen contained in a pyrex glass Dewar vessel. The spectra were re- 
corded on Ilford Zenith plates with the help of two different Puess glass spectro- 

o o 

graphs having dispersions of about llA and 12. 5 A per mm. respectively in the 

o 

4047 A region. As the bands are broad, the width of the slit of the spectrograph 
was increased to about 0.7 mm. to reduce the time of exposure except in the case 
of o-chlorotoluenc in the pure state. 

Besides the fluorescence spectra of the pure substances the fluorescence du(* 
to the frozen solutions of these substances in benzene, »i-heptane, carbon tetra- 
chloride and ethyl alcohol at — 180®C was also investigated. The concentrations 
of these solutions varied from 3% to 7% and ttiese mixtures, when frozen and cooled 
down to “-180°C, appeared as translucent masses. 

Jl E S U L T « AND DISCUSSION 

The positions, approximate widths, relative intensities and the intervals be- 
tween the fluorescence],bands produced by p-bromotoluenc at — 40''C and -—180^0, 
of o-bromotoluene and o-chlorotoluene at — 18()°C and those due to the frozen 
solutions of these compounds in benzene, a-heptane, methyl alcohol and carbon 
tetrachloride are given in Tables I, IJ and III. The intensities of the bands arc 
indicated as very strong (v.s.), strong (s) etc. in the tables. 

Some of the spectrograms are reproduced in Plate I. 
p-Bromotolmne : 

It is seen from the spectrograms reproduced in figure 1 that two very broad, 
ill-defined and weak fluorescence bands appear when p-bromotoluene is solidified 
and cooled down to — 40®C. When the temperature is lowered down to — 180°C, 
the bands become sharper and the number of bands increases from two to eight 
and these bands are quite well defined and are much more intense than those 
due to the substance at — 40‘"C. When a 5% solution of p-bromotoluene in ben- 
zene is frozen and cooled down to — ISC^C, practically the same band system is 
observed but the relative intensities as well as the widths of the bands are fpund 
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TABLE I 


Fluor es cence spectra of jj-Broinotoluene 


Substance 

Position of* Width iii 

Position of 

Successive 


the band in 

A.U. 

tht5 hand in 

(liff. in cnx' 


A.U. 


cm- ' 


Pure substance 

433‘7 (m) 

156 

23051 

1717 

at — 40‘’O 

4680 (m) 

187 

21334 



4060 (ra) 

121 

24624 

1007 


4233 (m) 

55 

23617 

566 


4337 (s) 

136 

23051 

1065 


4547 (ra) 

66 

21986 

652 

Pure substance 

4686 (s) 

124 

21334 


at — 180"C 


20784 

5.50 

4810 (v.w) 




431 


4912 (w) 

21 

20353 

572 


5054 (v.w) 


19781 



4060 (w) 


24624 

1007 


4233 (m) 


23617 



195 


566 

5% sol, in 
bt'iizene at 

4337 (m) 


2305 1 

1065 

— 1 80“C 

4547 (m) 

4601 (m‘> 

200 

21986 

675 



2131 1 

613 


4830 CO 


20698 



4060 (w) 


‘ 24624 

0135 


4238 (w) 


23589 

437 

6%so]. in 


23152 

7i -htjptane 
at — 180“C 

4318 (m) 

28 

483 

22669 


4410 (m) 

107 

726 


4556 (w) 

57 

21943 

582 


4680 (s) 

1 10 

21361 

706 


4840 (w) 

45 

20655 



4060 (w) 

45 

24624 

16.16 


4345 (rn) 

157 

23008 

1710 

4% so), in ethyl 

4694 (m) 

150 

21298 

677 

alcohol at 

4848 (m) 

21 

20621 


— 180%; 

weak continu- 
um from 4236 A*"' 

to 



4768 A° 


24624 



4060 (w) 


1007 


4233 (w) 

64 

23617 

566 

5 % Bol. in 

CCI 4 at — 180°C 

4337 (s) 

4547 (w) 

140 

68 

23051 

21986 

1065 

652 

4686 (b) 

126 

21334 


- - - - 

4810 (v.w) 


20784 
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TABLE II 

Fluorescence spectra of o-Bromotolnene 


Substanoo 

Position of 

Width in 

Position of 

Successive 


the band in 

A.U. 

the band in 

diff. in cm-i 


A.U. 





3977 (m) 

66 

25137 

1007 


4143 (v.w) 

— 

24130 

646 

Pure substanoo 
at -ISO^C 

4257 (v.s) 

118 

23484 

1044 


4465 (w) 

52 

22440 

622 


4682 (v.8) 

141 

21818 

991 

582 


4800 (v.w) 

25 

20827 


4938 (w) 

45 

20245 


3966 (s) 

88 

25207 

1059 


4140 (?) 

— 

24148 


5% sol. in 
benzene at 

138 

23512 

636 

4262 (v.a.) 

-180°C 

75 

22501 

1011 

4443 (w) 




668 


4679 (v.s.) 

166 

21833 

1006 


4800 (w) 

26 

20827 

582 


4938 (m) 

50 

20245 



3977 (m) 

70 

25137 

1007 

4% sol. in 

4143 (?) 

— 

24130 

646 

CCI4 at -180°C 

4257 (v.s) 

117 

23484 

1044 


4465 (w) 

52 

22440 

622 


4582 (v.s.) 

150 

21818 

1034 


4810 (w) 

28 

20784 

628 


4960 (m) 

65 

20156 



3962 (m) 

32 

25233 

1085 


4140 (?) 

— 

24148 

592 

3% sol. in 
n-heptane at 

4244 (s) 

79 

23556 

22506 

1050 

-180°C 

4442 (w) 

39 

592 



4562 (8) 

104 

21914 

827 


4741 (v.w) 

•— 

21087 

440 


4842 (v.w) 

— 

20647 

528 


4969 (w) 

20 

20119 
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TABLE III 

Fluorescence spectra of o-Chlorotoluene 


411 * 


Substance 

Position of 

Width in 

position of 

Successive 


the band in 

A.U. 

the band in diff. in cm ^ 


A.U. 


cm-i 



4143 (m) 

101 

24130 

988 


4320 (w) 

— 

23142 

7p> 

Pure substance 

4457 (s) 

127 

22430 

1046 

Bt -ISOHJ 

4675 (w) 

— 

21384 




596 


4809 (m) 

121 

20788 

1636 


6220 (v.w) 

— 

19152 



weak continuous 
fluorescence 





throughout the 
visible region 





4100 (m) 

125 

24383 

732 

3% sol. in 
benzene at 

4227 (w) 

54 

23651 

22793 

858 

-180“C 

4386 (s) 

194 

831 


4552 (v.w) 

— 

21962 

691 


4700 (a) 

193 

21271 

1337 


5015 (?) 

— 

19934 



4100 (m) 

130 

24383 

1215 

7% sol. in 

4315 (w) 

32 

23168 

560 

ri -heptane at 
-180‘’C 

4422 (8) 

1.36 

22608 

1410 


4716 (8) 

212 

21198 

1264 


5015 (?) 

— 

19934 



4143 (m) 

88 

24130 

988 


4320 (w) 

31 

23142 

712 

4% sol. in ecu 
at -180-0 4457 (B) 

147 

22430 

1046 


4676 (w) 

26 

21384 

596 


4809 (m) 

80 

20788 



to be eltered eli^tly. The. when the solution is ftosen, the hand at 42S3A becomes 
stronger than that at 4060A, Similarly the intensity of the band at 4647 A be- 
come. comparable to that, of the bmid at 4686 A, altoon# 

«ro»ger.in^o..oofth.pn«.m.b«anc.. Further, the width, of. the mdiyrdnat 
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bands are larger in the case of the frozen solution than in the case of the pure 
substance. 

When a (S% solution of j^-bromotoluene in w-heptane is frozen and cooled to 

o 

— the strong band at 4337A appears to split up into two components at 

o o 

4318 and 4410A respectively and only one weak band is observed at 4840A in place 
of the three such bands of the pure substance. Except the changes mentioned 
above, the other bands of the system undergo little changes either in their positions 
or in their relative intensities. 

When a 4% solution of p- bromotoluene in ethyl alcohol is frozen and cooled 
to — 1S0°C only the strong bands are observed against a weak continuous back- 

o o 

ground radiation extending from 4236A to about 4770A. In case of a 5% solu- 
tion of the substance in carbon tetrachloride at — ISO^C, the bands at 4060, 4233 

o o 

and 4547A diminish in intensity and the weak bands at 4912 and 5054A are not 
observed. 

On comparing the band system' of p-bromotolueno with that of 7)-chlorotoluene 
published earlier by the author (1956) it is found that these two compounds produce 
exactly similar 6uorescence spectra in the visible region, the effect of replacement 
of the Cl-atom by a Br-atom being only to shift the band system as a whole towards 
longer wavelengths. Similar environments also produce some similar changes 
in the fluorescence spectra of these two substances in the case of the solutions 
in benzene and n-heptane. The influences of the field due to molecules of CCI4 
on the fluorescence spec^tra of ^-ehloro and ^-bromotoluene in the frozen state 
are, however, different from each other and this difference can be attributed to 
the difference in the chemical affinity of chlorine and bromine atoms. When 
the molecules are dispersed in frozen CCI4, the fluorescence spectra of p-chloro- 
toluene suffer very little change while in the case of p-bromotoluene the bands 

o 

at 4060, 4233 and 4547A become weaker in this solution. This observed dimi- 
nution in the intensities of these bands with dissolution of the substance in 
carbon tetrachloride corroborates the view put forward earlier (Biswas, 1956) that 
these bands in p-bromotoluene which correspond to the bands at 4038, 4219 and 

O 'n 

4529A of jp-chlorotoluene are produced mainly by the interaction between the 
bromine atom of the p-bromotoluene molecules and the hydrogen atoms pro- 
vided by the surrounding molecules. 

o -Bromotoluene : 

The fluorescence bands produced by o-bromotoluene in the solid state at 

— 180°C are similar to those due to ^-bromotoluene or ^j-chlorotoluene, but the 
system of bands due to o-bromotoluene as a whole is shifted towards shorter 
wavelengths by abo\it 80 A.U. from its position in the case of p-bromotoluene. 
When a 5% solution of the ortho compound in benzene is frozen and cooled down 
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to IBO C, the bands are observed to shift slightly towards shorter waveleugtlis 
from the positions in the spectrum due to the pure substance. Similar shifts 
towards shorter wavelengths are also observed when a solution of the subs- 
tance in ?i-heptane is frozen at a temperature of -~180°C. In the case of a 
solution in CCI 4 cooled down to - -180^C, no change in the positions of the bands 
with respect to those in the pure liquid is observed. So, it is evident that in 
this particular case the bands undergo changes only when the molecules are sur- 
rounded by molecules containing hydrogen atoms and molecules containing 
chlorine atoms but no hydrogen atoms exert very little influence on the energy 
levels of the o-bromotoluene molecule. 

O'Ghlorotoluene : 

The main features of the fluorescence spl^ctrum excited in solidified o-chloro- 
toluene at -180^0 are quite similar to those of the other substituted ioluenes 
described earlier. In the case of this particular compound, however, there is in 
addition to the regular band system, a weak continuous fluorescence extending 
throughout the visible region. In the case of dilute solutions of this s\i])Ktan(^e 
in benzene or in 7 ^-heptane, the prominent fluorescence bands are found to bo 

o 

shifted towards shorter w^avelengths and this shifl is as largo as lOOA in the 

o 

case of the strong band at 4809 A. However, when a 4^^;, solution of this compound 
ill CCI 4 is frozen and cooled down to — 18()‘’C no change in the positions or in the 
intensities of the bands takes place. The widths of the bands are also considerably 
increased when the molecules are dispersed in benzem* or ?^t-heptane in the frozen 
state at — 180°C. It is thus evident that the hydrogen atoms of the neighl)ouring 
molecules arc responsible for bringing about changes in the band system ol the 
molecules of o-bromotoluene and o-chlorotoluene, mentioned above. 

It is easily seen from the results given in the Tables lor tlie frozen solutions 
of these different (compounds that the influence of the solvent molecules on the 
fluorescence spectrum depends largely on the relative j)ositions ol the substi- 
tuent halogen atom in the molecule. In the intcrmolccular field of benzene or 
of W/-heptane molecules in the solid state the fluorescence spectra of botli ortho- 
bromotoluene and ortho-chlorotoluene undergo similar changes whihj the c^lianges 
observed in the case of the para-compounds under similar conditions arc different 
from those observed for the ortho- compounds. 

Finally on comparing together the fluorescence spectra of all the four 
substituted toluenes, it is observed that the nature of the band system in all these 
compounds is almost the same, but the position of the spectrum depends on the 
mode of subs- titution. This may indicate the genuineness of the fluorescence 
spectrum and may justify the correctness of their assignments to the respective 
molecules. 
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L2,s and k emission spectra of magnesium. 

ALUMINIUM AND LITHIUM IN HIGHER ORDERS. 

A. K. SEN 

Kraika Laboratohy or Physics, 92 , (^ircilah Koad, (Ulcutta 

(Beceivpd for puhlication May Jl, )95H) 

ABSTRACT. L2,;i an(J K emission sj)eetra of magnesium, ahiminium and lithium 
have be(m studied in higher ordcMs hy a newly built scrft x-iay riiU^d grating vacuum Hj)ectro- 
graph of oni' metre radius. Th (3 band width, band Itruct urea and the (Hlg(* breadths have 
f>een determined aceiiratolv from the calibration cur^e. The agreement between th(' band 
wnlths of K valence band and L 3 liaiid has been disclosed in the cas<3 of magnesium and alu- 
minium. 

1 N T R 0 1> U C riON 

'Phe design and the construction of one metre ruled grating grazing incidence 
vacuiiin spectrograph has been reported (Das Gupta el al' 105.5) earJicr. 
In the present paper the author gives the details of the setting and the calibration 
of the spectrograph, the results in connection with the study of and K emission 
spectra of aluminium, magnesium and lithium in higher orders \j'ith elements in 
very pure st ate. The edge breadtli, the band width and the band structures have 
been studied in the observed high order omission spectra with bbtter resolution. 
The results have been discussed along with the K emission spectra of juagnesium 
and aluminium obtained by Das Gupta (1946) in this laboratory. 

E X P E K 1 M E N T A 1. TECHNIQUE 

The design of the spectrograph is essentially the same as that used by Hkinner 
(1937). The x-ray tube is exactly similar as that used by. Dm (-iijda (19.5.5). 
The concave grating that has been used has 1152 lines per mm, total number of 
lines 34114, ruled area 10x30 mm of one metre radius ruled on glass by IVofessor 
Mamie Siegbahn and presented to the Calcutta University for our work. 

The width of the slit of the sjiectrograph used for most of the experiments 
is about. 02 to .03 ram. A second slit is introduced in between the grating and 
the slit of the spectrograph and by adjusting the width and position ol the second 
slit the width of the grating utilised is limited to about 15 mnis which is close to 
the theoretically optimum value for best focussing. The grating is set at an an ^Tle 
of 5“.5 grazing and the Rowland circle is of 50 ems radius and is accurately set 
in position by a number of trial experiments. 

The entire arrangement of the slit system, the grating holder and the cassette 
are mounted within a hollow cylinder consisting of two halves. The shorter ha .f 
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bolds the entire arrangement and the longer part rolls along the rails of a heavy 
metal bench. The union of the two halves is effected by a rubber gasket. The 
hollow cylinder, that is the spectrograph chamber, is evacuated by a Ley bold 
rotary pump (D 10) giving an ultimate vacuum of 10“® mm of mercury. The rotary 
pump is connected through a sylphon by means of a gasket to the bottom of the 
fixed half of the spectrograph chamber. A liquid air trap is used over the pump 
in order to keep the spectrograph chamber free from any oil vapour and in 
better ultimate vacuum. The slit of the spectrograph is kept covered except 
during the exposure time by means of a shutter fixed to a metal cone to be 
operated in vacuum from outside. 



Fig. 1. Ruled grating vacuum spectrograph for soft x-ray spectroscopy. 

A : The target in vortical ])osition with graduated circular disc at the top. 

B : The tungsten coil evaporator in horizontal position lacing the target. 

C ; Tho oxide coated cathode facing the target. 

D : The liquid air trap running close to tlie targ<',t. 

E : Sylphon gasket joint with the vacuum system. 

F : X-ray tube fixed to tho slit system of the spectrograph. 

0 1 Concave grating within tho grating-holder. 

H J Cassette ; the circle of focus. 

1 : The contra board. 

The X-ray tube is made of glass built by a local glass blower, using standard 
qoickfit cone joints. The tube is directly joined to the slit of the spectrograph 
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using a very thin layer of Eclwarcl’a high vacuum piecein. The x-ray tulK> is con- 
nected to the pumping system by means of gasket joint through a sylphon tube 
for facilities of alignment and to <!heck the vibration of the system. The pump- 
ing system consists of a three stage oil diffusion pump (OTIOO) backed by Ley- 
bold rotary The speed of the diffusion pump is 100-120 litres per second 

at a pressure of 10~* mm of mercury. A liquid air trap is fitted over the diffusion 
pump. The diffusion pump rests on ball bearings to allow smooth movements 
along the grooves on a metal base plate to prevent any strain on the glass x-ray 
tube during the process of vacuum. 

The target i.e. the source of soft x-ray is a square sectioned copper tube of 
about one millimetre wall thicikness with water cooling arrangements. The 
hollow metal cone of the target is separately cooled by water circulation. The 
target at its upper end carries a graduated eirotaiar disc facung a fixed pointer so 
that by rotating the targ('t to the optimum position any one of the four faces 
may become the source of x-rays. The filament is a directly heated one and con- 
sists of a spiral of nickel wire coated with oxides of barium and strontium. 
Surrounding the filament there is an insulated cylinilrical nickel shield to focus 
the electron beam on the right position of the target' lace. The sample under 
investigation is taken in a vciy pure state and evaporated in a very high vaoium 
in front of the target face so as to get the deposit of a thin film on the target. 
The evaporation unit consists of a conical tungsten spiral with a rectangular nickel 
shield and is i)laced on the side of the target opposite the filament. A Lquid 
air trap is introduced in the x-ray tube by the side of the target to produce high 

local vacuum. 


The high tension unit consists of two mercury valve rectifiers connected for 
full-wave rectification and is smoothed by two 0.1 m.f condensers. The maximum 
voltage and current obtainable from the unit is lOkV and 200mA. The voltage 
employed in our work ranges from .3 to flkV and the control is effected by using 
a variac. The current utilised for exposure ranges from 10-100 mA and passes 
through relav contacts which controls the maximum value of the tube current. 
If the current exceeds the maximum value the high tension unit is automatically 
switched off. The control of the maximum value is effected by means of a rW- 
stat and the relay circuit is operated from 220 volt D.C. mam. The positive 
side of the high tension set is earth connected and the negative end is connected 
to one end of the filament coil. Thus the filament of the x-ray tube is at a nega- 
tive high tension and the target is at the earth potential. The filament current 
is controlled by varying the filament voltage by means of a variac. 

The photographic plates used are special Q 1 plates suppliM by Messre. 
Ilford Ltd These are thin glass plates about 1/3 mm thick coated on one side 
with Q1 emulsion. I^e plates are bent round the cassette vnth a suppoHmg 
thin metal back plate and fixed in position by a number of catches attached to 

the cassette. 
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The target face is thoroughly cleaned by means of a scraper before intro- 
ducing into the x-ray tube. Silicone grease is introduced in all the cone joints 
to avoid carbon contamination in the tube. The photographic plate is put in 
proper position within the spectrograph. The vacuum is attained in about half 
an hour and the glass x-ray tube is heated to about 100°C for degassing. 
The target is bombarded with electron beam at 3— 4kV and 30 to 40 mA to raise 
the temperature of the target to about 300° to 400° C and maintained for about 
hall' an hour for degassing. The target temperature is recorded by using a ther- 
mocouple introduced witliin the target. Evaporation of the specimen metal is 
effected within one and half hours time from the starting of the vacuum pumps. 
Exposure is usually maintained at 3kV and 50-80 mA and care is taken to avoid 
the appearance of any bright speck on the target face. After every one hour 
a new target face with a fresh deposit on it is brought before the filament to avoid 
any contamination of the specimen. With an exposure of about 6 hours at 3 kV 
60 mA four orders of aluminium 1^0,3 spectra have been recorded. 

R X ? K K 1 M E N TA L H E S IT L T S 

A dispersion curve has been drawn with grating set at 5^.5 grazing incidence. 
The prominent structure of carbon at 44.78 A has been selected in seven orders 
of carbon K band to draw the dispersion curve. The band width, edge breadth 
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Fig. 2, (a) Four orders of carbon K spectra. (6) Second and third orders of aluminium L 2,3 spectra. 


and the band structures have been determined from the dispersion curve. In 
Table I the results of L3 spectra of magnesium in first order, of aluminium in 
second and third order and K spectra of lithium in second order are given along 
with Skinner’s data. 
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TABLE 1 


Observed edge breadths (e vx 100) at :100°K along with Skinner's values 


Edge breadth 

Li 

(2iid order) 

Mg 

.A1 

(Ist ord('r) 

A1 

(2nd order) 

Al 

(2rd order) 

ObHPrved 
{Skinner’s data 

25 20 

W 20 

( I fit. order) 

K and L Band VVitlths: 

22 

22 

21 


lA 

(2nil order) 

Mg 

A1 

{Jst order) 

A1 

(2nd order) 

Al 

(2rd order) 

K — Band width 

2.7 ev 

H . 0 ev 

12.5 ev 



L Band width 


7. 1 <‘v 

12.0 t‘v 

12. 1 oy 

12.2 ev 


The author takes special interest in studying the edge breadth which has 
been found to be profoundly affected even due to the presence of the slight trace 
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of impurity in the metal. With this in view for better resolution Lgjg spectra 
in third and fourth orders have been studied. The main difficulty in getting higher 
order spectra is the necessity of giving a prolonged exposure and it is really diffi- 
cult to maintain the purity of the surface of the evaporated metal film on the 
target face fluring the long period of exposure. The results obtained with alu- 
minium is hopeful since the calculated edge breadth agrees accurately with theo- 
retically estimated value and the observed value of Skinner. 

The kinks in spectra of aluminium appear at 174.86 and 171.74 A and the 
most intense peak appears slightly shifted towards the longer wavelength side of 
the L3 edge at 170.56 A. 

The edge breadth of lithium K is 0.25 e.v. and the band has got structures. 
In figure 4 the K valence band spectra of sodium, magnesium and aluminium as 
obtained by Das Gupta (1946) is shown along with the L2,3 spectra of these metals. 




Although there is hardly any similarity between the K and Lgja spectra so far as 
their band structure is concerned there is fairly good agreement in total band 
width. In Lg spectrum we get a mixture of Ng(E) and Nrf(E) while in K spec- 
trum we get a reflection of Np(E). The agreement in band width between K 
and Lg spectra of these metals indicate that a, p and d wave functions pervade 
throughout the filled band of these metals. Accepting a complete overlapping 
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of 8, p and d it is again difficult to explain the band structures as observed in these 
metals. In Lg spectrum of sodium there is a very slight trace of kink near the 
emission edge and a kink in similar position is very pnmiinent in magnesium. 
In aluminium there are two prominent kinks in Lg spectrum but the K spectrum 
does not show any structure. From the study of K and 1 . 2,3 spectra of these 
metals it may be concluded that the wave function pervades throughout the 
filled band otherwise it is difficult to explain the agreement in band widths of 
K and L 2,3 valence emission spectra* 

We can tentatively draw the distribution curve for 3^, and 3ri electrons 
such that the superposition of these curves ex|)lain the observed kinks in sodium, 
(Jones et aL 1934) magnesium and aluminitim. With the idea introduced by 
Jones, Mott and Skinner, that is the determination of the transition probability 
f{E) is largely an atomic problem one can maki^ an attempt to explain the obsei'ved 
kinks in these metals by introducing an idea of double transition. Let us try 
to explain the kinks in L 3 spectrum of aluminium. The number of kinks being 
two it should require at least partial overla|^ing of 3 tS, 3y> and 3rf distributions. 
In trivalent aluminium the top of the Fermi surface should be drawn (onveniently 
at such a position as to include a part of lid curve which means that the conduc- 
tion electrons of aluminium have at least some per cent lid character. To explain 
an emission Avith initial 2p vacancy and final Zp vacancy wo suggest the following 
mechanism : initially there is a vacaiuiy in 2p level, this is filleMi by a transition of 
Ss electron and the Hs hole is immediately filled up by a 3p electron near the top 
of the Fermi surface and the net result is a 3p hole in filled band. If such a transi- 
tion process should exist the two kinks as observed in L.j spectrum of aluminium 
is easily explained. 

Jn the case of magnesium, electrons in tho conduction band arc characterised 
by 3s and lip wave functions, being more prominent near the Ixjttom of the 
band while 3p wave function characterises ele(;tr()ns near the to]) of the Fermi 
surface. To explain the intense peak near the short wavelength edge of the L 
emission band we have put forward a mechanism ol double transition to avoid 
the difficulty arising out of the selection rule. 

In the case of sodium, there is slight p character lor tho electrons near the top 
of the Fermi surface and this gives rise to an indication of kink near the short 
wavelength edge of L 3 spectrum of sodium. Introducing the idea of overlapping 
of 3 ^, 3p and 3d levels in different proportions in these metals one can draw ten- 
tative diagrams indicating the degree of overlapping from actual L 3 spectra of 
these metals by graphical method. The prominent peak in L 3 sj>ectrum of magne- 
sium metal near the short wavelength edge can be explained in the following 
way: the initial state is a vacancy in L 3 level (2p), filled up by a transition of 3« 
electron of the conduction band and the 3^ hole is immediately filled up by an 
electron having 3p character near the top of the conduction band and in the process 
of emission the final state is characterised by a vacancy in 3p level. 
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A.BSTR.A.CX* By applying the concept of frot» volume in liquidH, the teraj )eraiuro 
variation of surface tension has been explained. Similarity in the behaviour of surface 
tension with that of viscosity and vapour pressure has boon traced out and thereby a logaritli- 
mi(* type of equation has been suggested, a justification of which has been furnished from 
the free-sj^ace concept. The equation is 


log S ^ n -\- 


b 


c log T 


being of the same type as those of Kirchoff’s vapour pressure and Ey ring’s viscosity equations, 
though derived from somewhat ditfenmt standpoints. 


INTRODUCTION 

In a number of commiiiiicatioiis (Mitra, 1953, 1954a, 19545, Mitra and Sri- 
vastava, 1954a, Mitra and Chakravarty, 1954, Mitra and Sanyal, 1955, Mitra 
1955c, Sanyal and Mitra, 1956) the author has investigated the Rystematics in 
the physico-chemical properties of liquids. From these investigations it appears 
that surface tension of liquids is quite similar in mechanism to that of viscosity 
and vapour pressure, specially as regards its temperature variation. It is a 
well known fact that the temperature-dependence of viscosity of simple liquids 
can be expressed by Andrade’s (1934) logarithmic equation of the type 


log // — A + 


B 

T 


... (1) 


Similarly, the temperature-dependencje of vapour pressure is represented by the 
integrated Clausius Clapeyron’s equation: 


B 

log P = rp ••• 

From the consideration of the above two equations it appears at once that 
surface tension should also behave in a similar fashion; actually by eliminating 
^ between equation (1) and Newton Friend (1942, 1943) and Mukherjees (1953) 
viscosity-surface tension relation 

log 7/ + a log S = 6 
423 


... ( 3 ) 
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the author (Mitra and Srivastava, 19546) has obtained a relation of the type: 


log /S = -d + 


B 

T 


(4J 


for the temperature-dependence of the latter quantity. But it has also been showji 
that this equation is of a very approximate nature and cannot express the varia- 
tion well even for very simple liquids. The cause may not only be traced out in 
the approximate nature of Andrade’s equation but also in that of the viscosity- 
surface tension relation (3). Improvements in these directions have been made 
(Mitra and Chakra varty, 1955) and also two modifications of equation (4) have 
been suggested on empirical grounds. They are 

log S = log «, + *■(!- 

and 

log S ^ log iS’„+ . ,/ 1- 

(log rri T j 

and have been found to express the experimental data very well. The present 
communication aims io explain on theoretical grounds an already suggested 
surface jtension-temperature relation by the author, which is of an almost similar 
type as the above equations. This equation is 

log iV = a + ^ -clog T 

and is of a corrected form of equation (4) with a Kirchoff or Eyring type log T 
factor. 


S U K F A C E T E N 8 I O N AND F K E E-V O L U M E 

Ihe proportionality of fluidity with free volume affords a good means of cor- 
relating the former cjuantity with temperature since the free volume is known as a 
function of the thermal state. The above method has been used by the author 
(Mitra, 1955a, 6) to find a relation between yj and T. So in this section we shall 
try to establish a relation between free-volume and surface-tension from a very 
simplified physical structure of a liquid. 

The attractive force exerted by the molecules in the bulk of a liquid on those 
on the surface is the cause of surface tension. This force is a function of the dis- 
tance between the surface layer and the neighbouring layer. More specifically, 
this function is of an inverse power type. So 
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Now> in the hole theory of liquids, a liquid is supposed to be constituted 
of a random distribution of molecules in a vast sea of free space. This may be 
divided into a large number of smaller units, known as holes. The holes are as- 
sumed to be moving within the volume of the liquid. Almost all the pliysico- 
chemical properties of liquids can be explained with the eid of this picture. The 
flow of a liquid may be imagined to be the jump of molecules from one hole to the 
other by the action of some shearing stress, and hence, may be regarded as depen- 
dant on the number of such holes in a given quantity of liquid. Tfie surface tem- 
sion is explained as the attractive force exerted by the molecules inside the bulk 
on those at the surface separated by the hol(«. 

From this geometrical picture (Mitra, loc. oft.) it can be easily shown that the 
free volume, t)f, in a liquid is related to liquid volume as 

... ( 0 ) 

c being the packing factor and other symbols having their usual meanings. 

Relation (6) at once signifies that if we assume a cubical structure of the 
liquid, which is nearly the case for normal liquids, r of ecpiation (5) is of the order 
of Hence, 


But this force F is actually proportional to surface tension and so 


or 


>9 




Vf 




k being some constant. 

F H E E-V O L XT M K AND K R E E - E N E K ii Y 

The free volume and partition function of a hcpiid molecule are shown to be 
related by Eyring and Hir8chfelder(1937) as 

. (2nmkTf/Wf f f ... ( 8 ) 

J ~ J v'J r 


where f is the partition function of a Tuolecule, and fr being the vibrational 
and rotational contributions to it; and is the energy of vaporization per 

mol. = L--BTq, L being the normal latent heat of vaporization and being the 
boiling point, Vf represents the free volume for a gm. mole of the substance. 
Br^t the free energy of such a system containing N indistinguishable particles is 
given by 

• ' ‘ ^ ' F -BTlnif IN) 
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Henv« we can obtain the partition, function as a function of the free energy or 
work function F-. 

f^Ne-mr ... ( 9 ) 

Combining equations (8) and (9) one gets 


17 _ h'N -(f+lkBvep.ylKT 

(2nmkTnf/ 


... ( 10 ) 


expressing the free volume as a function of free-energy. 


SURFACE TENSION AND TEMPERATURE 

The free energy is a function of temperature and pressure. But under the 
experimental condition of measuring surface tension, pressure is generally constant 
and hence F may be supposed to be changing with temperature only. F, as a 
first approximation (Mukherjee, 1951) is generally expressed as a . linear function 
of temperature of the form 

F = a + /JT 


So we may now get free volume as a function of temperature only 




h*N 




( 11 ) 


Here a' includes the energy of vaporization.. 

Since we know surface tension as a function of free-volume, it is now possible 
to express surface tension as a function of temperature. From equations (7) 
and (11) one gets 

= ... ( 12 ) 

Generally in the liquid state the variations in partition functions of rotation and 
interatomic and intermolecular vibrations with temperature are negligible, so 
and ff may be considered to be constants; hence 

jofc 

nr taking logaritkina ntie gets 

log S =s a + ^ — clogT ... ^IS) 


where a, b and c are constants obtainiii^ the desired relation. 
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ABSTRACT. Tlie invorso kinetic energy matrix elements for the torsional vibrations, 
out-of-plane bending vibrations and the interaction Ij^twoen the a})ovc' two are derived for 
furan, pyrrole, thio])hono, and eyolopontadiene using tlie vector exjnessious given by Malhiot 
and Feriglo (1955). The applicability of these expi’^sions io the substituted compounds 
of the above parent molecules and the limitations imposed are discussed. 

I N T K O D U CJ T I () N 


111 the process of computing the vihratioiial frequencies of polyatomic mole- 
cules using the well-known Wilson’s F~0 matrix methotl tlie calculation of the 
inverse kinetic energy matrix elements is the most important stej). The inverse 
kinetic energy matrix element is defined for a pair of internal coordinates k and 
/s' by Wilson (1939, 1941) as 

(/ KK' ^ ^ ^ At ••• (0 

where % is a vector representing the contribution of the t'^* atom. The summa- 
tion is done over all the atoms. 'Phis matrix is transformed into another matrix 
(G) by means of a transformation matrix V and its transjiose U\ the details and 
the application of which are given already elsewhen;. (Santhamma, 1954). 

Decius (1948) gave general formulae; for the inverse kinetic energy matrix 
elements in terms of three types of internal coordinates* only. He considered 
33 possible acyclic configurations in which case, the distinct types of configura- 
tions were specified following a definite notation (Decius, 1948) for the acyclic 
configuration of atoms defining super-positions of coordinates k and k , 

Malhiot and Ferigle (M and F, 1954), while discussing the consistency of 
Wilson’s treatment with the Eckart londitions in the molecular vibrations, 

arrived at two important relations with regard to these % vectors, namely 


S % = 0 


( 2 ) 


♦ Bond stretching, inter-bond bending and torsion coordinates. 
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S = 0 (3) 

where rj* is the equilibrium position vector of the t^* atom with respect to the 
centre of mass of the molecule. These two relations together with the gradient 

properties of % vectors led to expressions of the vectors for all the four types of 
internal coordinates (Decius, 1949) of vibrations of polyatomic molecules. The 
vector expressions for the end atoms defining the torsion coordinate are the 
same as derived by Decius (1948) and all the four for the out-of-plane bending 
coordinate are same as given by Lohman (1951). 

The purpose of the present paper is 

(a) to derive vector expressions for another important class of molecules furan, 
pyrrole, thiophene and cyclopentadiene when torsion and out-of-plane bending 
coordinates are considered using the notation and expressions of Malhiot and 
Perigle (1955), (b) to compute inverse kinetic energy matrix elements with 
the help of the expressions given in (a) and equation (1) and (c) to discuss the 
applicability of the expressions given in (a) and (b) for the substituted furans, 
pyrroles, thiophenes and cyclopentadienes and the limitations imposed. 

(a) Vector Expressions 

1 . General case of five memhered ring compound 

At first a general case of a pentacjyclic (ompourid is taken where the angles 
and bond lengths in the ecpiilibrium position are all different from one another, 
atoms of the ring are numbered from 1 to 5 consecutively around the ring in the 
cyclic manner shown in figure 1, a, 6, c, d, e in this figure indicate atoms. 



Fig. 1 
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The equilibrium angles, distances and the direction of the unit vectors along 
the bonds are indicated in the figure 1 . The five torsion coordinates are 
designated by 

^12“. ■^23**. •^34“- ^46®^ and 

following the notation of M and F, but these are here simply written as r,, Tg, 
Tj, and Tg. The complete set of vector expressions in this ease are jiresented 
in Table I. 





2 . Particular case {Furan, Pyrrole, Thiophene, and Cychpentadiene). 

In Table II expressions are given which refer to the particular case of furan, 
thiophene, pyrrole and cyclopentadiene (ref. Fig. 2 ). In these R^^ R9 stand 
for the equilibrium distances of C — X (where X stands for 0 , S, NH or CHg) C' C 
ar|d C— C respectively. 



of the Coordi- Tftajs, t , T^*23,Ti Tt ^*>45, T4 

rinfi: / nates 
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TABLE II 


Inverse Kinetic Energy Matrix Elements, etc. 
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(cot So + cot Si) p (cot 82- cot 81) 



TABLE III 
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So- Odsoo nis -f — ^cb ins A T»g 098 O 0 i^uis ^ 



TABLE III {contd.) 


Inverse Kinetic Energy Matrix Elements, etc, 
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(cOStt sCOSjJ 5 — C089 5 )] 



TABLE IV 
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aasoo ‘"flbuis ^Asuis 



Inverse Kinetic Energy Matrix Elements, etc 
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2 



TABLE A 




TABLE A {contd) 


Inverse Kinetic Energy Matrix Elements, etc. 
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«■ 

d 





TABLE C 
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sin 293 cosec 203 i ^ cosec 62 (oot 82 cot 63) 



TABLE C (contd) 
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CJoordinates 


Inverse Kinetic Energy Matrix Elements^ etc. 


445 



3 


(oosec Si-.cot 8i-oot «,;) _ sin ?>.. cosec cosec 8,^- "in =«r!-r ^ jsin »>, sin 



TABLE C (amid.) 
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The significance of various symbols can be found in the text. The applicability of these with regard to the substituted 
ms, thiophenes, and pyrroles is mentioned in the text i.e., subjected to the statements 5 9 stated therein. 



Inverse. Kinetic Energy Matrix Elements, ate. 4i7 

As all the ring angles are found to be obtuse for the above molecules, the 
supplementary values of the a’s are introduced and denoted by ^ with the proper 
change in sign as regards the trigonometrical expressions. 

The expressions are the same for any substituted (*ompound of the above 
molecules, if, 

{i) the equilibrium angles and distances are assumed to remain unaltered, 
(n) planar structure of the molecule is retained, and 

{Hi) substitution is made on the H atoms. They will hold even if the substi- 
tution is made on the H atoms of the (CHg) group in cyclopentadiene and 
the H atom of N— H bond in case of pyrrole (figure 2c). 

But when substitution is made on thife ring atom the general ex])res8ions 
in Table I should be used, as the equilibripm distances and angles are expected 
to vary. j 

In Table III are given the 5 vector expressions for the atoms when out-of- 
plane bending coordinates are considered using the expressions given by Malhiot 
and Ferigle (1955). 

The particular expressions applicable to furan, pyrrole, thiophene and 
cyclopentadiene are shown separately in Table IV. While reading the Table 
IV the following points are to be noted ; 

1. The expressions under 1st and 6th columns do not arise in case of furan, 
thiophene and their substitutions as there are no bonds on atom (1) defining 
7 in the above cases. 

2. Column 1 should be used along with the other (columns in case of pyrrole 
and its substitutions. However, column 6 should be omitted in this case also. 

3. All the 6 columns should be used for cyclopentadiene and its substitu- 
tions where the 1st and the last'columns represent the out of plane bending of 
the two C~ H bonds of (CHg) group. 

4. In all the above cases except in cyclopentadiene 


where 1,2 and 3. 

But in case of cyclopentadiene - (f>j+ the angle fo med betu cn the wo 
C~H bonds of CHa group. And the remaining (p's satisfy 

where i now stands fo 2 and 3 only (Pig. 2abe). 

6. In all the above cases it is seen from the experimental data that r/ = 
(equilibrium C-H bond length of CHg group in cyclopentadiene) and rg = 
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^ r^z=z equilibrium C—H bond length in all the molecules. The Table IV 
is applicable for all the substituted compounds if it is assumed that. 

6. The angles of the ring of the substituted compound remain unaltered 
from those of its parent molecule. 

7. The bond distances of the ring in the equilibrium position also remain 
unaltered for the substituted compounds and 

8. The orientation of the bonds remain unaltered for the substituted com- 
pounds. Assumptions 6, 7, 8 are considered to be fairly justifiable if the 
substitutions are made not on the ring but on the H atoms of the parent 
molecules. 


9. The other factors being sati fied, Table IV is applicable even if 
different substitutions are made on the H atoms. It is for this purpose only f/’s are 
retained in the Table IV without taking into consideration the statements of 5^ 
(Otherwise Table III should be referred to, which is applicable even if th ring 

atom is substituted for). In all these tables V stands for the unit vector upwards 
perpendicular to the equilibrium plane of the molecule. 


(b) Inverse kinetic energy matrix elements 

Using Tables II and IV and the equation 1, the elements of the inverse 
kinetic energy matrix of torsional vibrations, out-of-plane bending vibrations 
and the interaction between the above two are derived, and are separately given 
in Tables A, B & C. While reading these tables, the first column represents the 
pair of the coordinates contributing to the matrix and , are the recipro- 

cal masses of carbon atom, hydrogen atom and 0,N,S or C according as the atom 
is oxygen, nitrogen, sulphur or carbon. The coefficients of the reciprocal masses 
are given under the corresponding columns. The absencie of express!, n under 
any column and against any row means that, the particular // vanishes in the 
corresponding element g. In order to read a particular gj^jcty the expressions 
against that pair of coordinates are to be first multiplied by the corresponding 
/ts and then finally added up, for example gy^yi in Table B gy-l^^ is 


^ sin cosec 2 , 




+1 «n a, .in |>,)'] +2^^ “E-V. 

In all these tables it is to be noted that gjcic!> = gjfTk- The elements can be directly 
used to arrive at the (0) matrix elements for the out-of-plane modes of vibrations 
for furan, pyrrole, thiophene, cyclopentadiene and their substitutions, leading 

ultimately to values of the out-of-plane valence force constants for these mole- 
cules. 
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ABSTRACT. Il has V)een shown here how the map^netic inoiuont of the neutron varies 
with cut-off limit of the momontuin of the meson wliich the neutron emits and reabsorbs. 
Moreover, the influence of tlie magnetic field on the proton is included in the energy deno- 
minator of the perturbation matrix elements. 

Both the proton and neutron have values for the magnetic moments differ- 
ent from what one would expect from Dirac’s theory. This difference is explained 
by the hypothesis that the proton (or i-he neutron) dissociates into a neutron (or 
a proton) and a positive (or negative) meson. As the meson has spin and charge, 
it will have a magnetic moment which has a larger value than that of the proton 
on account of the smallness of the meson mass. What we observe as the mag- 
netic moment of the proton is really the time average of the prot onic and mesonic 
magnetic moments. The self energy of a proton, subjected to a weak homoge- 
neous magnetic field, would arise from the virtual emission and reabsorption of 
mesons by the protons, if we calculate the energy for the above process, the term 
appearing as co-efficient to //, the magnetic field strength, is identified as the 
additional magnetic moment. The evaluation of such an addition to the magne- 
tic moment involves an integration over the different momentum values of the 
virtual meson ; theoretically a meson may be emitted with any value of the momen 
turn, however the integral becomes infinite if we put oo as the upper limit for the 
meson momentum. Various attempts have been made to eliminate this diffi- 
culty. One of them is to put a maximum limit for the meson momentum 
which is the well known cut-off procedure. 

In the present paper, we have tried to show in which way the magnetic mo- 
ments of the proton and the neutron vary with the cut-off limit of the meson 
momentum. Further, it may be worthwhile to see how the inclusion of the mag- 
netic energy of the proton in the denominator of the perturbation matrix elements 
influences the cut-off limits. 

Prom the perturbation theory, the self energy of a neution, which arises 
from the interaction with the corresponding meson field in the presence of a weak 
homogeneous magnetic field Hy is given by (Prohlich and others, 1938) 
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d6note8 the matrix element for the emission ol the negative meson by the 
neutron and denotes its reabsorption by the same nucleon. The spin of the 
irtual meson is in the direction of the magnetic field. Eg and are tlie energies 
of the system in the initial and intermediate states respectively. Accordingly 
M c 

{ putting X — ®'*td p = kky where M and p are the mass and momentum 

of the virtual meson emitteil) 


E,-E^ 






11 




H 4 




where the first two terms in the right hand side of (2) c()rresj)()n(i to the energy of 
the })rotori and the virtual meson in the magnejtic field H and the last term donoles 
the free energy of the emitted meson. 

Taking the Lagrangian density of the charged veitor meson to bti of the 
form 


L =: 


where 


—xHgryp 

— ... ( 3 ) 


.. I i d , 0 


V / 


™ <hjvr 7 m 7m Jv 


(j and / denote the strength of the interaction. 

Assuming the nucleon to be at rest the matrix element for the emission and 
absorption of the negatively charged transverse meson will be (vide March, 


1951 ) 


j=l,2 k 



- tlr. X 


)] 


( 0 ) 


... ( 4 ) 


and 




-S&'-v/ay V»> 


(T curl 


( )] 


( 0 ) 


( 6 ) 
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where is a unit vector in the direction of polarisation corresponding to all pos- 
sible values of k, for the transverse meson j = 1, 2 and for the longitudinal 

— ► 

meson j -= 3, with in the direction of k. V is the volume in which the field 
is (jonfined and in which all the functions are assumed to be periodic, tr denotes 
the spin matrix of the nucleon. 

The index (0) indicates that the expressions in brackets have to be taken at 
the point occupied by the nucleon. 

Now remembering that the meson is subjected to a weak homogeneous 
magnetic field H, we find on using (4) and (5) 


//() 


~-iX.W M2 






fee 


-efe 




] 


(T(ejtXk) 


-iik.X (0) ) 


'jvy* 


and 


Hid = ixf*V 


2. El 


j 1,2 k 


fee 


efe 




... ( 6 ) 


(r(e)kXJc) 




e 


*PN 


... (7) 


Since we are concerned with a meson having spin in the direction of the 
magnetic field H, using (fi) and (7), the self energy takes the form. 


= I ff*xHf>cl2V) L 5 
3 j=l,2 k 


fee 


efe 






I -^1 [ 

l(r{ ejtX k) \l<r ( ejtXk) 

Summing over the two polarisations j = 1, 2, replacing S by the integral 


(277? 


k^^ and multiplying both the numerator and denominator by 




MyC^ 

(neglecting terms containing 


, Wjf simplifies to 
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1 ff*x^ r ^ _ 1 ff*x^ 
6 TT* J ^+f 6 
0 


eH / j_ 1 f k^dk 

2 M,J J (F+x*)»/=* 


... ( 8 ) 


As mentioned previously the co-efficient of H in the expression for corres- 
ponds to /ijf, the additional magnetic inonient of the neutron dtie to virtual 
meson. Using (8) we write 


/V = - 


^ ///VI 

SAitrnc / 


/'a 


Mj. ( 

My \ 


1 - 


1 Jij.\ I r mk 

2 'MjJx^ J 

n 


... ( 9 ) 


where , 

eh 

"" 2J^c 

The above integral becomes iulinite if the ui)per limit of h is ecjual to oo, so 
^^'e put tfie upper limit to be x-x \vhere x is any iiumber the value of which will be 
adjusted to make the theoretical value agree With the experimental one. Hence 


l*N —0.573 Jog (ar-[- ^/\ •^‘‘*1 (^0) 

wliere MpjMy ^ 6.6 and - 0.22 (the constants of the vecdor poten- 

tial are determined from the deuteron binding energies by the method of Frohlieh, 
Hauiig and Sneddon, 1947). 



In figure 1 , we have plotted how /ij^r varies with Xy it is found that for 
a; = 3.16 which is very close to the value of w, the theoretical value agrees with 
the experimental value. In our calculation 

fip = = 2.913 //o 
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So it appears that if we take the upper limit of the meson momentum ifc to be 
nx, we get very good agreement with the experimental values of the magnetic 
moments of the neutron and proton. If, however, we neglect the energy of the 
proton due to the magnetic field, then to got fit with the experimental values, the 
value of X needs to be 3.06. 

A C K N 0 W L E D (J M E X T 

The author is indebted to Professor D. Basu for suggesting the problem and 
for his valuable guidance in the work. 
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Plate XI 

ABSTRACT. A oounter-oontrolled cloud chaipbcr stufly of different typcR of fthowors 
in Pb, under 10 to 23 cm. Hra been made to investi^^iltc the controverHial existt'nc'c of higher 
maximum in Rossi curve and its probable oriKin. The chamber and the counters in triple 
coincidence were specially arranged to detact the forii|ation of a charged pair or part icle 
by the decay or dissociation of an unstable neutral pafticle in air under the Pb absorber. Tlui 
triple coincidence frequency rises by about 28% ovt^ the hackgrouiul under about 16cm. 
of Pb. Analysis of the shower photographs, however, shows that this rise is largely due to a 
single charged particle mostly mesons coming from the top absorber which by siibse(|uont 
knock-on process or otherwise produces the triple coincidence. These singles may acicount 
for about 12% of the total rise. About 10% of the total rise may be attributed to mixed 
meson and meson showers. 

Analysis of shower photograf)hs by neutral component shows that out of about thousand 
photograplis we have obtained only one penetrating paii- with its af)ex in air undi^r 16 cm. 
of Pb and this may be due to a V-ty])c of decay. Rut we have obtained many oth(*r photo- 
gra])hH mainly under 15 to 20 cm. of Pb which show isolated pairs of very low onor^ry (inferred 
from range and angular divergence) formed by a neutral component. Thes<» type of showers 
may account for the remaining 6 to 8% of the total rise at the second maximum. The origin 
of such pairs particularly in some photographs, by photon or indirectly by neutron is not very 
clear. There is a third j)oa8ibility that thes(i j)airs are producf»d by the d«H*ay of a neutral 
part icle of very low mass. This possibility may further be checked by a mult-iph' plate chamber 
as wo propose to do. 


I N T H () D r T I O N 

The aim of this investigation has been to clarify the long persisting contro- 
versy over the existence of higher maximum in Rossi curve and to identify the 
radiation and the mechanism that might contribute to the formation of such 
a maximum. The senior author (1951) previously reported the existence of a 
second maximum like many other workers e.g. Clay (1949), Bothe (1960), Kameda 
and Miura (1960) and others, although some other workers denied its existence. A 
reference to all the earlier works may be found in the literature referred to aboye. 
The old controversy is stUl persisting and when the present investigation was 
completed we came across the abstracts of some papers of Bothe and his co workers 
(1956) where they report that the previously reported sharp second maximum by 
them might be due to some defect in the electronics of the compUesated circuits 
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used by them. Negative results have also been reported by Pfotzer (1965). 
Harding (1956) reported a definite rise in the shower frequency by about 3% 
in the region of second maximum under certain experimental conditions. Bxit 
McCusker and others (1955) detected a rise by about 2% using counters only but 
failed to detect any appreciable maximum by the cloud chamber investigation. 
Choudhury et al (1955) have reported a sharp second maximum. 

In the previous analysis the senior author came to the conclusion that some 
of these controversies might be due to differences in geometrical arrangements. 
In some of the arrangements it seems to the author that there was a greater 
possibility of the second maximum being masked by oblique showers in the ex- 
tended absorber or by the side showers coming not through the absorber. Whereas 
the failure of some recent workers, as for instance, McCusker and others (1955) 
to find an appreciable second maximum might be due to their experimental 
arrangements being biased for detecting penetrating secondary radiations only, 
as the lower tray of counters was covered with 10 to 2.5 cm. of lead absorber. 
The senior author (1951) from various considerations came to the conclusion that 
this maximum might be due to the formation of a new unstable neutral particle 
which subsequently decays or dissociates into a pair of very low energy content. 
Bothe (1953) and Pfotzer (1953) also previously came to the conclusion that it is 
necessary to postulate the existence of a new tyj)e of unstable particle to ex- 
plain this maximum and Bothe (1954) afterwards suggested that this new particle 
might be simply a neutral V-particle formed in the absorber. 

In view of all these the present (doud (hamber investigation was undertaken 
to test the various suggestions mentioned above or to identify if any other agency 
and mechanism are the origin of this second maximum. 


EXPEKIMENTAL AKKAN CEMENTS 

An automatic controlled Wilson chamber of Blackett’s (1934) model was 
set up with the modification that the matellic piston in the back chamber was 
replaced by a rubber diaphragm which was found to give a much better type of 
sharp tracks. The front chamber is of diameter 1' and depth 3J". A 2.5 cm. 
thick lead plate is placed at its centre to identify the penetrating and the soft 
component. Following the accepted custom, a particle whi(di passes through this 
plate without multiplication is considered to be a penetrating one, like meson etc. 
The chamber was filled with argon. Alcohol with water in the ratio of 75 : 25 
was used as the condensant. In order to avoid any complexity due to electronics, 
oblique showers etc., we used the simplest arrangement of three counters in coin- 
cidence and therefore the coincidence frequency is much smaller in comparison 
with others. In order to detect if there be the formation of any neutral unstable 
particle in the absorber which after leaving the absorber decays or dissociates 
in air; the two counters, separated by a distance of about 2 cm., were placed below 
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the lead absorber at a distance of about 10 cm. from it and the .loud chamber 
was placed immediately above the two counters. The third counter was placed 
just a little above the ( loud chamber. The counters were of din.ensions ab.uit 
2d cm. length and 3 cm. diameter. The lead absorbers used in this experiment 


^ Pb« Absorber. 


26 cn. 



I \ 

o o 

SIDE VISE. 



]. Kxpenniontal arrangemoiils. 


are sheets of oheTnically pure lead and of dinieiiHioii I'x Tx I/H". Stereoscopic 
photographs were taken with a camera of two lenses. The acliial experiTnoiital 
arrangements are shown in the figure 1. The present experiment was set up 
in the ground floor of a three-storied building, c.g. Baker Laboratory, Presi- 
dency College, Calcutta, whereas the prcvit>us investigation by the senior author 
was doiK^ in open air. 


E X K K 1 M K N A 1. R K S V E T S 

The main experimental results and the analysis of the shower photographs 
are shown in Table 1. By single shower, two-particles shower and more than two 
particles shower as are given under different columns in Table I, we mean the 




468 P. K. Sen Choudhury and 8. N. Sengupta 

corresponding number of ionising particles entering the chamber from the top 
absorber. A single can produce a triple coincidence either by cascade multi- 
plication in the inner lead plate if it is an electron or by knock-on electrons from 
the inner lead plate or from the lower chamber wall if it is a meson. A single 
ionising particle can also produce triple coincidence if it be associated with a 
neutral component e.g. a photon or an unstable particle which afterwards 
produces more charged particles. A photon can produce charged particles either 
by Compton process or by a pair formation and an unstable neutral particle can 
produce a charged pair by decay or dissociation. Many photographs are obtained 
by us where a single charged particle is associated with another pair of very 
low energy content mostly produced just at the botton of the inner lead plate and 
sometimes in air. Typical photograph is shown in the photograph No. 2 (Plate XI) 
obtained under 16 cm. of lead. We have also obtained many cases of such 
isolated pair formation without association of any charged particle. These are 
given under a separat/e column in Table I. A typical photograph is shown in 
photograph No. 3 under 16 cm. of lead which shows simultaneous production 
of two such pairs. 



Fip. 2. {a) Total shower frequency curve. 

(b) Single frequency curve. 

We have plotted the total shower frequency against the corresponding ab- 
sorber thickness in figure 2 (Curve a). We have also plotted the frequency 
of singles in figure 2 (Curve 6). The results given in Table I as well as both 
the transition curves show a maximum under about 16 cm. of lead absorber. 
The rise in the total shower frequency under 16 em. lead is about 28% higher 
that that under 10 cm. of lead. Such difference is much beyond the standard 
error. For statistical significance of the results we particularly concentrated our 
observations under 10, 15, 16, 20 and 23 om. of lead. Again to check any 
periodic or abrupt variation of total cosmic ray intensity we measured 
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coincidence rates under each thickness in two different periods shov\ing the same 
results with minor variations. The freqiieiicv of two particle-shower does not 
show any significant increase in the region of second maxiimim but the frecpiencv 
of more than two-particle shower shows an increase in the region under 16 to 
20 cm. of lead though the standard deviation is fairly large. We have alsc) ob- 
tained some blank photographs which uiuler It) cm. of lead is about 15% of the 
total number of photographs and the percentage of blanks under other thicknesses 
of absorber also do not significantly vary from this. In view ol the geo- 
metrical arrangement of the counters and the limited depth of focus of the camera 
etc. such a percentage of blanks may be quite reasonable. 

For further analysis the showers of at least two particles containing one 
meson, two or more mesons are shown separately in Table II. As most of the pem*- 
trating particles are mesons, we have classified them as meson associated showers. 
Their respective frequences are also given. • The frctpieiicv of mesofi shower 
containing at least two mesons are se])arateliy given under the last column in 
Table II. The total frequency of meson associated shower as well as that ol meson 
shower are separately plotted, in figure against the corresponding absorbei* 



thicknesses of lead. Though the shower frequency is veiy small in companson 
with the total shower frequency still the meson associated shower shows a distinct 
rise in the region under 16 to 18 cm. of lead. The meson shower Iroquency shows 
an abrupt rise under 18 cm. of lead. Such abrupt rise may be accidental or the 
penetrating particles may be either very short-lived or their energy is very sma 
so that these are easily lost by decay, scattering <>r absorption. ^ , 

photographs of meson shower are also shown in the 

No. 5. (Plate XI) The photograph No. 4 obtained under 1 tin. o 

the tracks of 4 mesons whereas the photograph No. 5 under 20 cm. of 1 
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shows the tracks of about 6 mesons. These two may be pure penetrating 
showers. 

A few bursts and nucJear interactions have also been photographed all in 
tiie neighbourhood of second maximum under 15 to 20 cm. of lead. Typical 
photographs are shown in the photographs No. 6, 7 and 8. Photograph No. 6 
obtained under 18 cm. of lead shows at least one meson associated with a nu- 
cleonic pair (to the exteme left) produced by a neutral particle in the inner lead 
plate. Photograph No. 7 obtained under 15 cm. of lead shows a shower which 
may bo a star produced by a neutral radiation. Photograj)h No. 8 obtained 
under 20 cm. of lead shows a burst of probably hundreds of particles. In this 
connection a reference may be made to the workers of Mohr and Stafford (1944) 
who obtained a hump using an ionisation (chamber under about 20 cm. of lead, 
tlso Schopper, Hooker and Kuhn (1951) using photographic emulsion have 
obtained a second maximum starting from 15 upto 24 cm. of lead. 

J3ISCUSSION ON THE IMi O B A 15 L E O B T (J I N OK S E CM) N IJ 

M A X T M U M 

The above analysis of the shower photographs shows that the meson asso- 
ciated shower and meson shower may only account for an increase in the shower 
fre(iuency by less than 10% total rise which is about 28% in the regioJi of 

second maximum. But the frecpiency of singles, which is about 50% of the total 
frecpiency^ shows a definite maximum coincident with that of the total frequency. 
It appears therefore that the showers with single observable charged particles from 
the top absorber largely contribute to the origin of the second maximum and 
may account for about 12% of the total rise. An analysis of the singles together 
with the triple coincidences produced by neutral component under different thick- 
nesses of lead absorber are given in the Table III which sinews that majorities of 
these are either simple meson or meson w^hich has produced knock-on showers 
in the inner lead plate. A few of these have produced cascade but another appre- 
ciable fraction shows singles associated with another pair of very low energy 
content. The simple mesons which have not produced any knock-on shower 
in the inner lead plate may also be associated with a non -ionising component which 
can generate a charged particle or a charged pair as in the previous case to pro- 
duce triple coincidence. The possibility of a knock-on shower from the thin 
glasswall of the chamber is very small. Clay (1949) and his co-workers suggested 
that the second maximum may be due to knock-on showers by a meson. The 
maximum occurs w hen the rate of accumulation of the soft component by knock- 
on process is just equal to the rate of absorption of this component. But Pfotzer 
(1953) showed that such a mechanism can produce a maximum under much lower 
thickness of the absorber e.g. about 4 cm. of lead. Harding (1955) very recently 
suggested that the second maximum may be due to mesons of sharp range about 
18 cm. of lead which stopping in the ground immediately below the lower 
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PIATE XI A 



Typical shower photographs. 
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Typical shower photographs. 
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counter tray emit decay electrons in the upward direction. Our chamber was 
about above the ground but we have not detected any such decay electron 
either entering the chamber from below or generating any shower in the inner 
lead plate. Tn the energy spectrum of meson at sea level also it is not known 
that there is a sharp peak in the region of second maximum. 

Kameda and Miura (1950) obtained a very sharp second maxitnnin which 
they inferred to be produced by the nucleonic component from the absorption 
mean free path of the primary rays. Hayakiwa and Nishiinura (1950) from 
a theoretical analysis of the results of the pretHlous authors eoneluded that the 
second maximum consists of the overlapping ol two kinds of secondary ionising 
jiarticles. One type of secondaries have a defit^te range of about lb cm. of lead 
whereas the other type has much longer range, j They also further (*onclude that 
the sharp secondary maximum obtained by Kimeda and Miura are duo to the 
solid angle subtended by their (ounter train beiig very small and consequently 
the ratio i.e. the vertical intensity rati^ of the nucleonic eomponeut to 

the soft component, is much larger than that of the wide angle primaries. For 
wide angle primaries, the tail of the cascade shower and the l)ack -ground knock- 
on elecitrons would mask the second maximum. Tn our arrangements also since 
the lower counters were placed at a distance of about 70 (‘rn. below the absorber 
the solid angle is very small but our results, though show a rnaxiiimni due to 
penetrating components, can account for less than 10% of the total rise under 
second maximum. In this connection a reference may also be made to the work 
of George (1947) and others who reported a maximum of ])enetrating showers 
under about 15 cm. of lead. The secondaries are of range of about 50 crn. of lead. 
Walker (1950) also pointed out that the penetrating showers have two kinds of 
secondaries of ranges of about 15 cm. of lead and 1 tmi. ot learl. 

Bothc and 8chenieiser (1938) originally suggested! that the second maximum 
might be due to narrow' meson pairs. But in our investigation out of more than 
one thousand photogi aphs we have obtained only one such narrow pair under 
23 cm. of lead. Similarly w'e have obtained only one photograph, No. 1, under 
16 cm. of lead whicjh shows a pair of penetrating particle with its apex in air or 
just on the top counter above the cloud chamber. Such a may be 

produced by V-type of decay of a hyparon e g. 77 37Mev; 

but its frequency is so small that such V-particles cannot give rise to the 
second maximum. Again considering the probable contribution to second 
maximum due to neutral component, as shown in Table 111, we have obtained 
many photographs which show^ isolated pairs of very low energy (.ontent 
(indicated by the angle of emission and the range in the chamber) either associated 
with another single soft ionising particle or without any such ionising particle 
We have also some soft ionising particles absorbed in the inner lead plate. For 
triple coincidence such particles must be associated with other soft neutral com 
ponent. These cases are represented under the last five columns of Table III to- 

5 
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gether with the frequency of such showers under different thicknesses and though 
the statistical error is large the results show a definite increase of this type of 
shower under 15 to 20 cm. of lead in comparison to that under 10 and 23 cm. 
of Pb. The abundance of these showers is such that it may contribute 7 to 8% 
rise to the total shower frequency at the second maximum. Again whenever 
wc (observe such a pair (mostlj^ absorbed in the chamber gas) there must be simul- 
taneous formation of other such pairs to produce triple coincidences and as such 
their probability of detection is much smaller than the total triple coincidences 
that may be produced by a single such pair associated with a charged particle. 

Now to explain the formation of such soft component particularly the soft 
pairs by neutral component under 16 to 20 cm. of Pb, there are three possibi- 
lities i.g. (1) pair formation by a photon below critical energy present in the tail 
of the cascades as shown by Greisen and others (1948), (2) pair formation by photon 
originating from neutron capture or ineleustic scattering of neutron in Pb and 
(3) pair formation by the decay or dissociation of a new unstable neutral particle 
of very low mass. But the photons below the critical energy are rapidly absorbed 
in Pb and as such these cannot explain the increase or even the steady value of 
such shower frequency in the region from 16 to 20 cm. of Pb. Similarly the increase 
of such shower frequency may not be due to neutron component as the neutron 
transition curve in Pb investigated by Tongiorgi (1949) does not show any in- 
crease in the region under investigation. So there remains the third alternative 
in support of which the typical photographs No. 3 obtained under lb cm. of Pb 
may be significant. The photograph shows simultaneous formation of two such 
pairs just at the bottom of the inner Pb plate without any appreciable Compton 
electron or cascade shower in the chamber. From the angle of the emission it 
appears that the energy of the photons (if photons are supposed to be the origin 
of these pairs) is near to 1 Mev. only. As such, the probability of pair formation 
by such photon is much smaller in comparison with that of Compton scattering. 
Moreover, the formation of two such simultaneous pairs is highly improbable. 
If these pairs are produced by the decay of a new unstable particle its rest mass 
must also be very small. In this comiection reference may be made to the jae- 
vious works of the senior author (1961, 1964) on anomolous gamma-ray absorption 
where also the possible existence of such a particle was suspected. 

In the light of the above analysis of the results we are undertaking a further 
investigation with a multiple*plate cloud chamber to check the probable for- 
mation of such a new unstable particle. 
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ABSTRACT. Oomf)arativo studios havo been made of the various available methods 
for the determination of the height distribution of eleetrons in the ionospViorie layers. Tl 
is concluded that-, foi* routine ionospheric work, Ratcliffe’s method is the quickest though, 
under restricted condil ions, some of ttie other methods yield more accurate results. Methods 
which take into account the (effect of eiirtlPs magnetic field have also been studied. It was, 
however, foun<l that the errors due to th(^ neglect of the mngnetie field arc' of the same order 
as the limits of observational errors in height measurement. The com i)licat ions involved 
in including the magnedie field are, t.here.fore, not warranted. This is ])articnlarly because*, 
the inclusion of the* magnetic field affecds only the thickness of the layer and not its height 
of maximum ionization, and the MXTF is mainly controlled by tlu' latter. 

I N T R 0 D U (1 T I () N 

The (letermi nation of lieight disiribution of electron density in the ionosphe- 
ric regions is one of the basic problems of ionospheric jdiysics. Be^causc of the 
simple relation that exists between the electron density and the reflected frequency, 
the problem is equivalent to that of determining the true height of reflection 
for the various exploring frequencies. A simple method of obtaining the true 
height would be to fit the h'—f pattern (apparent height vs, frequency) to a known 
mathematical function. Unfortunately such fits are not always possible. Vari- 
ous other methods have, therefore, been suggested for obtaining the true height 
distribution of ionization from the observed h'—f pattern. The methods may 
be divided into two broad classes (Piggot, 1954) : (1) model methods and (2) inte- 
gral equation methods. 

Model methods are based on the fitting of the observed h'—f patterns with 
patterns calculated from simplified models. Since the variation of electron den- 
sity near the maximum of a layer is often parabolic, the parabolic model methods 
developed by Appleton and Beynon (1940, 1947) and by Booker and Seaton 
fl940) are used widely to deduce the position of maximum density in the ionized 
layers. The procedures have been described in detail by Mitra (1952). In these 
methods, only a few points on the h'-f curve near the high frequency end are 
utilised. In the model method suggested by Ratcliffe (1951) a simple mathematical 
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form (parabolic, linear, etc.) is assumed for the electron distribution, and the 
resulting h -f curve ,s calculated. By comparing the observed k'-f curve with 
the calculatol, it is possible to decide whether the actual distribution approxi- 
mates to that assumed. 

The integral equation methods are based on the solution of the integral 


*'(./■) - ]■ /I'dz 


( 1 ) 


where h, — height of reflection of freciuency / above the ground 
/i' ~ ‘group refractive index’. 


_ velocity of liglit in free space 

vortical compoiK'iit of ^ucuip velocity of t he wave 

When the effects of electron collisions and the earth’s magnetic held are neglected 
the form of the function /t, is such that the integral can he reduced to Ahel's inte- 
gial equation (Appleton, 1930) for which an analytical solution is known (Abel, 
1S81). The result has been applied by Rydbeck (1940) and others, using plani- 
metric integration or other graphi(‘al procedures, to evaluate the rather larger 
number of integrals involved. An improved 2 )rocedure for the numerical evalua- 
tion has been developed by Kelso (1952) based on the use of the Gauss- Christoffel 
quadrature formula. 

Both the model method and the integral equation method are only approxi- 
mately valid for the ordinary ray reflections when the earth’s magnetic field is 
taken into account, hevcral methods have, therefore, been (l(»velo])ed (Shinn and 
Whale, 1952 ; Shinn, 1953 ; Kelso, 1954 : Budden, 1954) which include the effect 
of the magnetic field. All these methods, in their [uosent forms, are too labori- 
ous and are not suitable for routine use. Shinn and Whale (1952) have showji 
that for a parabolic layer, estimates of the height of maximum ionization made 
with and without consideration of the effect of the earth’s magnetic field are 
nearly identical. The layer thickness is found to be smaller when the magnetic 
field is taken into account. However, the effect of tlu' magnetic field on the layer 
thickness ealculatk)ns is very small when the angle of clij) of the earth’s magnetic 
field is not large, i.e. at low magnetic latitudes. 

Jn the present paper the h'~f records obtained at Calcutta and Haringhata 
stations have been treated by some of the above methods mainly with the object 
of testing the relative merits of these methods in terms of accuracy and suitability 
of application. 


2. OUTLINES OF THE METHODS ADOPTED 
(a) Ratcliffe's method : Parabolic layer method neglecting earth's magnetic field, 

Ratcliffe has treated the case of a single layer and also that of a composite 
layer formed by the overlapping of two layers assuming parabolic distribution 
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of ionization for both. For a single parabolic layer Appleton (1937) has shown 
that the apparent height of reflection of a pulse of frequency /(</►) is given by 


j 

where /, — critical penetration frequency 

— height of maximum electron density 
= semi- thickness of the layer 


^ (/ )= *(f{ 


\fr+f 

fr--f 


... ( 2 ) 


(3) 


If a pulse of frequency /( > /^) penetrates the layer and is reflected from 
another layer situated at the level then the apparent height of reflection is 
increased on account of group retardation in the half parabola below h^. This 
retardation is given by 


AA' = .Vm 



(4) 


Note: Computat ions of the valuoa of ^h' in Eqn. (4) art* nocossary for tho est imation of the 
ititardatjon proctucod in an upper layer (F2) trace by a lower layer (Kl.). Tho roiar- 
datioTi produced by only tho half parabola below the hm for the lower layer is consi- 
dered above, following Hooker and Heaton (1940), becaum' tho FI region may bo a.s8umed 
In consist of half of a j)aral)oIa, thc‘ bottom of the F2 layer seldom rising sufficiently 
above' hffiFl. However, in com])uting the retardation produeed in the FI layer the 
E I’egion shotild be considori'd as a eomj>l<'te parabola. 


For our computations the function 




was plotted (after Ratcliffe) 


for different values of y^ (50, 100, 150, 200 km) and choosing the frequency 
and height scales to correspond to those of the automatic A'—/ records obtained 
at Haringhata, Calcutta (figure 1). The h'~f records are projected (in an en- 
larger) on the computed curves and the values of and are read off by direct 
comparison. The curves in figure 1 are drawn for fr = 3Mc/s. The frequency 
scale being logarithmic, the curves for other values of will be identical and 
measurements may be made by simply sliding the scale along the frequency 
axis. Curves on the right hand side of figure 1 (drawn for y^ = 50 and y^ = 100 
kms. only) are used for calculating the retardation produced in an upper layer 
<F2) trace by a lower layer (FI). Procedures for these measurements have been 
deeoribed in detail by Ratcliffe (1951). 
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For the case of two parabolic layers, partially overlapping the retardation 
produced by the shaded portion of figure 2 for reflection produced by the upper 
layer is according to Ratcliffe, 


M' = !,.(/) log, 




(5) 


where is the frequency which just penetrates the shaded layer. A set of 
curves have been drawn (corresponding to tlic scale of autonialic /i' -/ records 


J i-S 2 6 4 S 6 B iO 13 



1 . Theon'iical W -/curves lor f)arabolic distribution. Tht^ curvt^s havo Ihmmi const rue tod 
for seini-thickncHS(^s (.</fw) of oC, UK), 150 anti 200 kni aftt'r Hatcliffc’s method. Tho 
froquency and height hchI<‘s ust^d corr(‘S|)ond to those of tht' automatic //—/records. 
Tlie curv'^es on the right hantl side arc drawn for //,/, 50 and 100 kms only. 



Electron density — ► 

Fig. 3. Ulustrating a case of vortiral distribution wlicre « comiiosito iono«|.horic layw is 
])roduoed by two overlapping parabolas. 

of Calcutta) for different values of/g//, and for = 50 and = 100 kms. These 
curves (for tc — ^ Mc/s) are given in figure 3. 
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(6) Kelso's method (1): Integral equation method meglecting earth* s magnetic field. 

It has been shown by Pekeris (1940) that the integral Eq.(]) may be trans- 
formed to give the true height of reflection for a given frequency in terms of 


i 15 2 3 4 5 JO i3 



Fig. 3. Thooivticul h' -f t-urvoB for electron distributions as shown in KIg. '1, Curves aro 
(irawn on tho same scale as in Fig. 1. 


the apparent height h and the operating frecpiency f. This expression is 





f hy)di 

1 


... («) 


Eqn. (6) can be evaluated by putting / cos 6 and solving the equation 

TT 

h„ =- J I A'(cos ())d0 ... (7) 

0 

Kelso (1962) has shown that if we determme from the experimental h'—f curve 
the apparent heights /i'*. corresponding to a set of frequencies given by 

fk = Sv cos 

where 6** = w ; ifc = 1, 2, .... n, 

271 

then the true height for frequency /„ is 



*'• 


1 


... ( 8 ) 
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f 

The ratios = cos 6^^ are completely determined by the value of n. The values 
Jv 

of cos Off. for — 5 and n ~ 10 are given in Table I. The values for n — 5 arc 
used wherever the experimental h'—f curve is smooth and those for n =--10 near 
cusps or discontinuities. The values of fj^ for a given value of may be obtained 
readily from figure 4. 





2 ^ 


4'0 SO OV iV 


20 SO 40 


Fig. 4 , Plots of Sk ^fv «08 ^ TT against /t„ for difforont values of k an(i for i^i = 5 and 

n = 10 (after Kelso). The values of/t required for the (jomputatioii of trut» height 
of reflection at fo by Kelso’s method are readily obtained from this diagram. 

TABLE I 

Values of /*//„ for = 5 and == 10 


a = 5 

n - 

^ 10 

0.9877 

0.9969 

0.6945 

0.8910 

0.9724 

0.5225 

0.7071 

0.9239 

0.3827 

0.4540 

0.8526 

0.2334 

0.1564 

0.7604 

0.0785 


(c) Whale and Shinn's method: Parabolic layer method including earth's rmgnetic 
field. 

The integral equation (1) may be written as 


V(/)= f /I'dz+ho 


... ( 10 ) 
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whero == the height of the point of reflection of frequency / above the lower 
boundary of the layer. 

In the absence of magnetic field, the form of the function fi' is such that in the* 
case of a parabolic layer, Eqn. (10) may be transformed to 

A' -*„+?/„, ... (11) 

where X = Jog. ! ^ / j 


which is teimply Eqn. (2), expressed in a different form. 

In the presence of the earth’s magnetic field, however, the form of the func- 
tion ft' becomes cofnplicated and depends on the strength and direction of the field. 
Eqn. (11) then becomes 

... ( 12 ) 

where K is a function of/,/., and (j), 

fjf — gyromagnetio frequency, 

— angle of dip of the earth’s magnetic field. 

It may be shown that Y is dependent on the ratios fiff, and ////. and not on the 
actual values of /, / and So that 


Y = 



f ^'dz-X 

^ Vm i 


Y is equal to zero when///, is zero, when/^// is zero or when ^ is zero. 

Shinn and Whale (1952) and Shinn (1953) have made detailed computations 
of Y for different values of ///, ////. and <f> by numerical integration using the 
EDSAC electronic computer. They have expressed their results a^ functions of 
X, k and s, where 







For .Haringhata (Calcutta) i> = 32°, so that « = sec ^ =1.04. The value 
of H in the F-region over Calcutta has been given by Baral and Mitra (1950) as 
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,..36 oersted (from examination of a large number of records of critical frequen- 
cies for the region for ordinary and extraordinary rays). This gives f ==r l.oi 
Mc'/s- 

We have extrapolated the value of X tabulated by Shinn (1953) for different 
values of JC, k and for s = 1.04, and assuming ~ l.Ol Mc/s, have eonstnudeil 
Table II giving the values of Z+ Y for different values of X (i.e.///,) and /,. 

It is obvious from Eqn. (12) that if h' (from the h' -/records) })e ])lotted against 
X+Y, then such plots will be straight lines. The slope of the straight line will 
give the semi-thickness of the parabolic layer alid the intercept on the A'-axis will 
be the lower boundary of the layer. (This is similar to Appleton and Beynon’s 
method, where the magnetic field is neglected and h' is plotted against X, instead 
of X+ Y.) 


TABLE II 

Values of — h^)IY,,t 10»(A"-4- T) 
for see ^ 1.04 and //, 1.01 Mc/s 




0.35 

0.4 

(K45 

0.5 

0.55 

0.6 

0.65 

0.7 

0.75 

X 

A 

fip 

11.99 

9.70 

7.91 

6.48 

5.29 

4.32 

3.49 

2.70 

2. 16 

0.6 

0.697 

618 

620 

623 

625 

628 

630 

632 

63+ 

636 

0.9 

0.806 

924 

928 

932 

935 

938 

94! 

945 

040 

{♦53 

1.2 

0.878 

1239 

1244 

1250 

1256 

1261 

1265 

1271 

1276 

1282 

1.5 

0.925 

1554 

1560 

1567 

1574 

1581 

I5S7 

1 594 

1602 

1610 

1.8 

0.955 

1878 

1885 

1894 

1903 

191 1 

1918 

1926 

io:u 

1042 

2. 1 

0.974 

2201 

2212 

2223 

2235 

2246 

2255 

2263 

2272 

2280 

2.4 

(L985 

2538 

2550 

2.561 

2572 

2577 

2582 

2500 

2602 

2615 


{(1) Kelso's method (2): Integral equation method, including earth's ma,gnetic field . 

In this method (Kelso, 1954) the earth’s magnt^tic field is taken into account 
and the true height is obtained by solving, in a convergent series of integrals, 
the integral equation (1). The integration have tt) l>e carric/d out through the use 
of three formulae obtained from the Gauss-Ohristoffel quadrature formula. 
We describe here the main steps of the procedure to be employed for the (compu- 
tation of true height by this method: 

(i) Following the method described in Sec. 2(h), the true height for the 
no-magnetic field case is determined for various frequencies /,.. These give the 
zero order true height values Ao(/i;)* 

(ii) Using graphical differentiation the derivative 


Km 


1 dhfi 

2fv df. 


is obtained for several values of/ and the results plotted as a function of,/^. 
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(iii) For a number of P values integrations are carried out by the applica- 
tion of the Gauss- Christoffel quadrature formula to obtain 

^ 0.1338 K(x,pmx,)~l] 

+0.2992 

+0.4382 V(^3f )[G(^3)-1] 

+0.6382 KixJ^mx^)--!] 

+0.6905 K(x,P)[G{x,)-l] 

where x^ == 0.0617 x^ = 0.5390 x^ = 0.9779 

.Tg 0.2523 ^^4 = 0.8125 

0{x) = /I't — jii*'\/i—x, where x = ^ = 1— 

Ne^ 

and /o® = proportional to electron density N 

e = charge of electron in e.s.u. 
m = mass of electron in gms. 

The values of 0{x) are obtained from figure 5, where G(x) = ju/t (for the ordi- 
nary ray) has been plotted against x for the magnetic latitude of Calcutta, i.e. 

00 0-2 04 0-6 OS 



Fig. 5. Values of the function Q{x) — s/\—x for tho ordinary ray and for the magneitc 

latitude of Calcutta =* 32®). 
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for ^ — 32 and for y — > 4 > 2 * > • • The curves have been constructed by ex- 


trapolating to ^6 — 32° the table of fi't computed by Shiim (1954) for different 

values of S and 

* ** 


^iP) values are obtained for a sufficient number of values so that a reason, 
ably well defined curve of 0 (/ 2 ) vs, / may be plotted. 


(iv) Taking the same values of /,, as used in (i) the ^ 4 (P) vs.J curve is inte- 
grated with the help of the Gauss- Christoffel formula to obt ain 


Uf.) =~//[0.003685 0(O.1667/J 
H- 0.02922 0(0.5035/,) 

+0.08969 0(0.6598 /„) 

+0.1642 0(0.8696 /) 

+0.2132 0(0.9851 /)] 

(v) The process may be repeated using /?i(/,) in the same manner as Ao(/) 
to obtain and so on. 

(vi) The true height of reflection at frequency /, is then given by the sum of 

all the i = 0 , 1 , 2 ... 

The process is a convergent one and may be terminated according to the 
desired accuracy. 

3. APPLICATION TO CALt^lTTTA K E C O Pv D 8 

The methods described above have boon used to find the distribution of elec- 
tron density at E and F regions over Calcutta and Haringhata from — / records 
obtained wdth (i) a manual recorder of high height resolution (±0.5 km) and having 
a frequency range of 1.5 to 4.1 Mc/s, and (ii) an automatic ionosphere recorder 
(±5 km accuracy in height measurement) having a frequency sweep of l.O to 13.0 
Mc/s. 

(a) Electron distribution in Region E. 

E-region electron density distribution has been deduced from h! —f records 
obtained with the manual recorder. Variation of true height of reflection with 
frequency has been obtained by the application of the parabolic layer method 
(Appleton and Beynon) and the integral equation method of Kelso (1). The ana- 
lysis of a sample record is illustrated in figure 6 (a). It may be noted that, in the 
parabolic layer method the true heights of reflection for low frequencies can be 
obtained by extrapolating the hj — f curve. For computation of the same by 
the Kelso method, however, the apparent height data near the low frequency 
end are needed. In the analysis of the record shown in figure 6 (a) it was assumed 
that the apparent height had the constant value of 100 km below 1.5 Mc/s. It 
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may be seen in figure fi(a) that the values of and the thickness of the layer 
obtained by the two methods differ slightly. This may indicate slight departure 
of the E layer from the perfect parabolic shape. 



(hO 05 2-0 25 35 


FREaU5f^Cy IN Mc/s 



Freruency in Mc/s - — ^ 

Fiji;. 6. Experimental apparent height and eom})nt«>d true lioight cnrveH for (a) normal 
E-layer and (b) E-rogion in the preaenc'e of sporadic FJ ionization. 

Figure 6(b) gives the variation of iriio height of reflection from the E-region 
in the presence of sporadic E, deduced by the Kelso method (1). The parabolic 

layer piethod is not applicable to sporadic E reflections. The cusp in the — / 
curve near foE has no physical significance , but comes out even when the com- 
putations are carried out with n =. 10 [see Sec. 2(b)]. The sampling procedure 
of Kelso is not adequate near cusps in the h/ ~f curve. 

From a study of a number of E-region electron distributions, deduced by the 
Kelso method, it has been noticed that, generally, in presence of sporadic E, the 
distribution of normal E-layer ionization deviates appreciably from the parabolic 

law. 
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Fig, 7(tt). A nigfit-timo //'— / record opntainmg the F-traee only. 



Cl>) 


0 i Z 3 4 5 

F/i£<UJ£Ncy JM Ate/s ► 



(b) & 7(o). h' —j curves and computed true height curves corresponding to the 
shown, in Fig. 7(a). 


record 
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( h) Electron distribution in the Region F, 

F-region electron density distribution has been deduced from h'—/ records 
obtained with the automatic recorder. The variation of true height with frequency 
deduced from a night-time h'—f record [figure 7(a)] containing the F-trace only 
by the parabolic layer methods and by the integral equation methods are shown 
in figures 7(b) and 7(c) respectively. The true height variation corresponding 
to a day time h'—f record [figure 8a], containing the E, Fj and Fg layer traces are 
shown in figure 8(b) and (8(c). 

It will be seen that the true heights obtained by the methods of Ratcliffe and 
of Kelso neglecting magnetic field are in close agreement only for the night time 
record and not for the day time Fj and Fg records, the heights obtained by Kelso 
method being systematically lower. The reason for this is that in the Kelso 
method the curves are obtained as integrated effect of the experimental 

results over the entire range of observed frequencies, whcireas in the Ratcliffe 
method a chosen range of frequencies is considered in the true height deductions 
for a particular layer. It should be noted that the Kelso method gives the distri- 
bution of electron density with height instead of indicating the best parabolic fit 
given by the Ratcliffe method. However, the true height values near cusps in 
the h'—f records (near foE foFj) obtained by Kelso method arc not dependable 
because of the approximations involved in the sampling procedure. Although 
the solutions given by Ratcliffe method are of an approximate nature, the case 
with which these can be obtained makes the method specially suitable for routine 
measurements. 


Sm 

400 

ZOO 

0 



/ 


3 4 5 


10 


2.Z.S5 
1030 hrs. 


Fig. 8(a). A day-timo / curve containing E, Fi and layer traces. 


In figures 7(b) and 8(b) the true height data for the Fg layer obtained by Whale 
and Shinn method (including the effect of the earth’s magnetic field) have also 
been presented. In figure 7(c) the true height data obtained by Kelso method 
(2) is also given. It will be seen that the value of h^ obtained after inclusion of 
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, ne eifect of magnetic Md is practicaUy the same as that oUaineci the field 

is not considered. The thickness, however, is less by about 107 o when the effect 
of the field is taken into account. Thus the result of neglecting the earth’s mag- 
netic field in true height calculations from h'-~f records obtained at our latitude 
(<p = 32°) is to overestimate the layer thickness by about 10% without intro- 
ducing appreciable error in the value. It is to be noted that in actual radio 



F/iEdUEMCy /N /fc/s ► 



Fig. 8(b) & (c). Apparent height and true height curves corresi)onding to the /t'-/ record 
shown in Fig. 8(a). 

communication the variation in MUF is mainly controlled by the variatitm in 
K, only. As the inclusion of the magnetic field has negligible effect on and the 
correction is laborious the determination of true height neglecting the effect of the 
earth’s magnetic field is justified for aU practical purposes. 

7 
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Figure 9(a) shows the diurnal variation of true height of reflection at 4, 
5, 7 and 10 Mc/s obtained by applying Ratcliffe’s method to the automatic A'—/ 
curves for a typical quiet, day. Figure 9(b) shows similar curves for a disturbed 
day. 




Fig. 9. Diurnal variation of true height of reflection at 3, 4, 5, 7 and 10 Mc/s obtained by 
llatc'liffe’s method from h' —f records for (a) a quiet day and for (b) a disturbed day. 


Preliminary results of applying the Kelso method to hourly A'-/ records for 
24 hours for a number of quiet days during the period March-Septembor, 1955 
have shown that on about 60% of the daylight hours the Fg region has a true 
parabolic distribution of ionization. During night-time the F-region is found to 
be parabolic in almost all the cases. 





Ddermimtion of Bkctfm of Demity ,,,, ^yg 

CONCLUBrKO remarks 

It may Im conchded from the above m„d.v that the ,le.er„.h.ati„„ of „emh, 
fbstnbution of electrons by Hatcliffes method is the most convenient for routine 
work^ The other methods, although more accurate under special ecll:: 
(e.g. Kelso method as applied to E-region or to night-time F-iegion rec'ords). are 
more laborious. For the latitudes round Calcutta the distributions as eomput,>d 
by neglecting the earth’s magnetic field are sufficient for all practical purposes 
The errors resulting from the neglect of the magnetic- field do not exceed those 
involved m the actual height measurement with the apparatus uhckI. Furtheu'. 
the inclusion of the magnetic field affecds only ,i;he thickness of the layer and not 
its height of maximum ionization. And it is known that in practical radio c-om- 
munication the height of maximum ionization, has a much greater control than 
the thickness of an ionospheritt layer. 
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ULTRAVIOLET ABSORPTION SPECTRA OF PYRIDINE 
IN THE LIQUID AND SOLID STATES* 
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Oftics Department, Indian Association for the Cultivation of Science, 
Jadavpur, Calcutta-32, 

(Received for public<ition June 28, 1956) 

ABSTRACT. The ultraviolet absorption spectra of pyridine in the liquid and solid 
states have been investigated and the results have been compared with those for the 
vapour and solutions reported by previous workers. 

In the case of the liquid as well ns the solid only one system of bands in the region 2400 — 

0 

2650A has been observed corresponding to the bands due to transition found in the 

case of th(^ vapour. The 0,0 band is found to shift towards the longer wavelengths with the 
liquefaction of the vapour and also with the solidification of the liquid. The bands due to 

w— > 77* transition lying in the region 2700A — 2900A observed in the case of the vapour by 
previous workers are absent in the spectra due to the liquid and the solid. These results have 
been interpreted in the present paper by assuming that in the liquid and solid states pyri- 
dine molecules form associated groups through weak vii’tual bonds formed through the ni- 
trogen atoms and the hydrogen atoms of neighbouring molecules, preventing thereby the 
n 77* transition. It is })ointed out that these results corroborate the assignment of the 
system in the long wavelength region to n nr* transition in t he case of thejvapour. 

INTRODUCTION 

The detailed classification of the absorption spectrum of pyridine in the 
vapour state was reported first by Sponer and Stiicklen (1946) who observed only 
one system of bands with the vo-band at 34769 cm-^ and a large number of narrow 
headless bands. From theoretical considerations and from a study of the spectra 
of pyridine in solutions it was suggested by Kasha (1950) that there are probabi- 
lities of two types of transitions in pyridine, one of these involving the excitation 
of one of the nitrogen nonbonding electrons to 7r-molecular orbital being designated 
as transition and the other a singlet-singlet n n* transition. 

The former transition was expected to be weaker than the latter. The band sys- 
tem due to the vapour was re-examined by Rush and Sponer (1962) and it was 
concluded that there is a second system in the spectrum at 38350 cm~^ The 
first system of bands (called Transition I) of Sponer and Stiicklen was recognised 
to be that due to the transition and the second system (called Transition 
II) to the TT^rr* transition. It can also be seen from the spectrograms of the 


♦Communicated by Prof S. C. Sirkar. 
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..bsorption spectra of pyridine vapour for different vapour pressures reported by 
lierington (1960) that with very low vapour pressure the liauds onthe shorter 
wavelength side (Transition 11) are obs rved while with eonsidcrahly high vapour 
pressure the weak bands on the longer waveleirgth side make their ap^mranee. 
This also shows that the bands due to the n^Tr* transitions arc very weak. 

St6ph.6nson (1954) studied the ultraviolet absorption spe(*truTu of pyridine 
dissolved in ethyl alcohol. His absorption curve does not show the bands 
corresponding to Transition I transition) while the bands corresponding 

to Transition II are quite intense, with the I'o-band at about 380(M:)cm“^ He 
suggested that these results might be interpreted by assuming that in alcohol 
the nitrogen nonbonding electron becomes Involved in the formation of hydros 
gen bond, thus causing Transition I to movef well into the region of Transition II 
so as to be obscured by the latter transition." The absorption spectra of pyridine 
in alcohol ether solution at — 183®C reported by Zanker (1954) shows only the 
bands of Transition II with the position of v^Q-band remaining almost undis- 
placed with respect to that reported by Stephenson (1954)) for th(‘ solution in 
alcohol in the liquid state. 

Recently, Kastha (1956) studied the Raman spectrum of pure pyridine in 
the solid state at — 180*^0 and also that of frozen solution of pyridine in ethyl 
alcohol at -~180°C. He observed that pure pyridine in the solid state at —IHO^O 
shows low frequency Raman lines which are absent in the case of the frozen solu- 
tion of the substance in ethyl alcohol at — 180^'C and are replaced by a continu- 
ous wing extending up to 95 cm'"^ From this and other results he concluded that 
in the solid state at — 180®C the pyridine molecules probably form associated 
groups and this association breaks up and the pyridine molecules probably form 
complex molecules with the ethyl alcohol molecules through hyfirogen bonding 
in the solution. 

It seems that none of the previous workers studied the ultraviolet absorption 
spectra of pure pyridine in the liquid and solid states. The object of the present 
investigation was to study the ultraviolet absorption spectra of the pure subs- 
tance in the liquid and solid states at low temperatures and to compare the results 
with those obtained for the vapour and for solutions at different temperatures. 
These results have l>een discussed in the present paper ami attem])t.s have been 
made to correlate the results with those observed in the investigations on the 
Raman spectra of the substance in different states. 

E X P E R 1 M K N T A J. 

Chemically pure pyridine was first fractionated and the fraction boiling at 
about 115°— 116°C was redistilled under reduced pressure before use. The spectra 
were photographed on Ilford HP3 films with a HUger E 1 spectrograph. 
Very thin films of thickness less than ,01 mm were used in the case of the liquid 
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and soJid states. Iron arc spectrum was taken on each film as a comparison. 
Microphotometric records of the spectrograms were taken with a Kipp and Zoneu 
tyjxj Mol] microphotomefer. The absorption spectra were calibrated with the 
help of microphotometric records of iron arc lines using the method described 
earlier (Banerjee, 19.'i6). 

H E S U b T S AND D J S C U S K I O N S 

The microphotometric records of the absorption spectra of pyridine in the 
liquid and solid states are reproduced in figure 1 . The wave numbers of the een- 



Fig. 1. iVlicrophotoiiK^trio m'ords of tho iiltmviolot ab«or|)tion spfHdra of pyridine. 

(a) Solid Ht — 180°C. (b) Liquid at 

tres of absorption bands are given in Table I. The bands of Transition I could 
not be detected even using filins of considerably greati^r thickness. 

TABLE T 

Absorption bands of Pyridine 


Liquid 


Solid at - 180-^0 


Wave no. 
(cm-i ) and 
intensity 

37881 (ms) 

38793 (s) 

39702 (fi) 

40613 (ms) 


at 32^C 
assignment 

^0 

I'D-! 912 
^0 + 2 x912 
1^0 1 3x912 


Wave no. 
(em-i) and 
int-ensity 

37724 (ms) 

38703 (s) 

39886 (s) 

40654 (ms) 


assignmtmt 

f'o 

1^0 + 979 
^0 + 2x979 
P(H- 3x979 


In the case of the liquid and solid only one system of bands on the shorter 
wavelength side consisting of four broad bands is observ^ed. The system of bands 
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„a the longer wavelength side corresponding to transition o\, served in 

,he case of the vapour (Sponer and Stiicklen, 194t>) could not he detected for tho 
Ikiuid or the solid state. The Vo-band observed in the spoctnuu due to the lianid 
is at 37881 cm ^ and the other hands indicate a progression of vi\)rational fretiueney 
912 cm-i. Probably this system corresponds to the sy,stem of bands due to 
transition observed in the case of the vapour (l^uslj and Spoiior, 1952) witb 
the Vo-band at about 38350 cm“*. The Vo-band of this system tlius shifts by alK)ut 
469 cm-i towards the longer wavelengths with the ehange from vapour to the 
liquid state. The Vo-baud due to the solid is at 37724 eiii'i and the other bands 
represent a progression of the frequency 979 m I Thus witli tlu‘ solidification 
of the liquid and cooling to -- IHC^C the Vo-band further shifts towards longer 
wavelengths by 157 cm-i. It is seen that the major shift in the i)()sition of the 
VQ-band occurs when the change from vapour to licpiid state takes ])lace. This 
indicates that the pyi’idine molecules probably fm’iu associated groups when 
the vapour is liquefied and that this association htH'omes a little stronger with 
solidification of the ii(|uid and cooling to — ISO'^O. 

Stephenson (1954) studied the ultraviolet absorption spectrum of pyridine in 
solution in ethyl alcohol and observed the hands rcctignised to be due to n-^ tt* 
transition with the v^^-bajid at about 38(K19 cm~^ He concluded that the ni- 
trogen noiibonding electron gets involved in hydrogen bond formation in alcohol, 
thus accounting for the absence of the bands corresponding to the transi- 

tion (called Transition 1). The absence of the bands due to n-^n* transition 
in the pure liquid may be explained by assuming that a large number f>f })yridino 
molecules form associated groups among themselves due to formation of weak 
virtual bonds through the nitrogen uonbouding electn)ns and the hydrogen atoms 
of the neighbouring molecules and the number of such eleet rons available iu the 
liquid for transition (Transition I) being very small it would be difficult 

to get the bands due to this transition which are themselves expected to be weak 
compared to those due to n—^n* transition. Also, the associated groui>s of mole- 
cules in th(? liquid may require highcir energy for excitation as was suggested for 
complex molecules in alcohol solution by Stephenson (1954). In the ease of the 
solid at — ISO'^C where the association becomes stronger the probability of ob- 
taining the bands of Transition I would be still smaller. 

The probability of such association among neighbouring pyridine mole- 
cules is also corroborated by the results obtained by Kastha (1956) in an investi- 
gation on the Raman spectra of pyridine in the liquid state and in the solid state 
at ~180^C as well as in solutions in ethyl alcohol at different temperatures. 
He observed that with solidification of the pure substance some of the frequen- 
cies representing the C-H vibration are affected while in the case of the solution 
the line 995 cm-^ due to symmetric vibration of the ring is strongly affected 
and also the line 1575 cm-^ due to a degenerate mode of the ring is split up into 
two components. From these results he concluded that whereas in the case of 
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the solution in alcohol regular bond between the nitrogen atom and theO-H group 
is formed, only weak linkages between neighbouring molecules are established 
when the pure liquid is solidified and cooled to — 180 “ 0 . 

The results discussed above thus furnish conclusive evidence for the formation 
of associated groups of molecules in the liquid and solid states of pyridine. 
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ABSTRACT. The present paper gives a quantitative (‘xplannt ion, from the theory 
already developed by the author in a aeries of papiTp. of the fact n'garding the d<'formation 
of a fixed-free bar under a eompn^asix-t* impacd of i^^ort duration. 'I'lu' e\pi*nniental data 
supplied by E. T. Habib are used in testing tlu* ll^orv. The agrt'ement betvviMMi authors 
theory and experiment is foun<i to be sat isfactoryj 

In a series of paper already published (Ghosh and Ghosh, 10.51, 10.52; Ghosh, 
10.53) the elastic and plastic behaviour of a bar undci' a comprcshivc impact by 
an elastic or inelastic load have been stuflied. In the present paper afleinpt 
has been made by the help of the the uy developed, to (‘xplain (|uantilalively 
the experimental results obtained by Habib (10 IK) «ho in course of his 
study on high-speed compression b'sts on small cop[)er cylinders measured the 
deformation undergone by a specimen fixed at one mid nud struck at the free, cud 
by a compressive force of short duration. The deformations i.e. the .lisplacements 
(«,) at the impact end for different values of time of collision with respective 
values of striking velocities of impact are calculatwl from eiiiiations (20) (Ghosh, 


1953) 

Thus during 0 < t < 0^, 

o>, =/,(/,) -il/J,'(l), 


After time t = (9, = the second term no longer vanishes, 

f. 

during <> '■ 


SO, 




^AW-iVi/i'W, +2A{h)-2/i(h)- 


and during 


20^ < t < 
+4/3(y — 


.o where „ - hW tl-c v.U« -f the '..if,' 

.nd their derivtives ere easily ohiaind from (12d,) ef i a.. I. (i.h »h 

and Ghosh, 1952, 1953) 

Beto« aot-iy the 

is obviously necessary to find out, from L-minates. 

the interval during which the impacting pressure 

48.5 


8 
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The compression tests performed by Habib (1947, 1948) utilised as th. 
specimen an annealed copper cylinder of length f and diameter 0-33". rhe 
impacting load consisted of several pistons made of tool steel and hardened 'o 
Rockwell C45 having the following dimensions: 

1" hollow piston, weight = Sg (*0176 Ib), diameter. 
r piston = 25g (-055 Jb), 

3" piston, ’’ = 7% (0-165 lb), f' 

Taking an average value of ^ = 10® Poise and Young’s modulus = 1*7 
X 10^ Ibs/in® for copper, the deformations at the impacted end are calculated at 
different values of time and striking velocities from the above equations. It is 
needless to mention that the author has conveniently used the hard load in 
evaluating the above equations for the deformations just to comply with the ex- 
perimental condition where sufficiently hard tool steel pistons are employed. 
In this way, by the help of equations (19d) (Ghosh, 195J1) and their derivatives, 
the displacements are calculated as shown in the Table I given below. 

TABLE I 


Mass of the Time of Striking Deformation 
load in 11). deformation velocity in inch, 

in micro sec. ?’o in/sec. 

Theory Expt. 


r Hollow 

Piston .0176 

40 

1000 

0.023 

0.02 

1 Piston — 

80 

1000 

0.051 

0.04 

. 055 

64 

800 

0.037 

0.03 

3^ Piston— 

120 

1000 

0.086 

0.08 

.165 

127 

900 

0.063 

0.06 


The experimental values of the deformations at different striking velocities using 
different pistons as the impacting load are quoted from a study of the figures 
4, 5, 6, 7 in Habib’s paper. The table shows satisfactory agreement between 
author’s theory and experimental tests in the same line. 
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THE ULTRAVIOLET ABSORPTION SPECTRA OF 
o-,m,/)-FLUOROBROMOBENZENES. 

S. L. N. G. Kiushnamachaki 

Physics Depahtment, Andhra t^NivKitsTTY, Wartair 
(Uccewed for ptihlicntion Julff 4, 1 {♦.'>(>) 

In continuation of the work on the o,w,/)-fluorochlorol)enzenos (autlior, 1955, 
56, 56), the ultraviolet absorption spectra of o-,w-.^-liuor()f)roniol)eJiz(nieH in the 
vapour state were investigated. There is no previous work on the ortho and 
meta compounds where as the para compound was studied in hexane solution by 
Conrod-Billroth (19H6) and in the vapour state by Dima and Titdea (HM6). The 
latter authors identified only tluee frequencies in the upper and none in the lower 
state. 

The path lengths and temperatures emj)loyed in the j>i’osent work are the same 
as in the earlier investigations. The geiu^ral appearance of the spct‘tra arc quite 
similar to the corresponding fliiorochlorobenzenes. The regions of absorption, 
the number of bands measiire<l, the position of the 6,0 hand, the prominent v, v 
separations and the nature of the electronic transitions givini,: rise to the discrete 
spectra are given in Table I. The excited and ground state frequencies, their 
correlation with the llaman data and the probable assignments are given in Table 
11. Details of the aiialysesjwill be published shortly. 

TABLE I 

Characteristic features of the ultraviolet absorption ofo, m, ll 4 Br. 


Kegion of absorption 

1) Discrete 2) Continuous 

^ NumbcT of 
bands 

Ortho 2830-2450A below 2150A 

135 

Meta 2810-2430A 

150 

Para 2900-247r)A „ 

190 


0,U band ProminontJ j Naturt? of 
V wj^ara- t.ho eloctro- 
lionw nic transition 


36985 cm-J 

S3,l3I cm-i 

A'- A' 

36963 cm“i 

HI cm 1 

A' -A' 

36221 cm‘i 

30 cm' * , 

A.-B. 


4S7 
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TABLE II 

Ground and excited state frequencies of 0’,m-,p-FCg Hg Bg. 


Ramon dato U. V. absorption data Proboblo assignment 

Int P Ground state excited state 


Ortho 

(author 1956) 



(author) 



298 

St Sh 

.36 

294 

249 (w) 

|one of the components of 

J benzene 


654 

St Vsh 

.16 

656 

599 (St) 

C-Br stretching 


821 

St 8h 

.18 

823 

791 (Vst)) ^ 

> Totally symmetric carbon vibrations 


1026 

Si Vsh 

.15 

1028 

942 (Vat) - 

1 


1234 

St Sh 

.15 

1244 

1245 (ms) 

C-F stretching 

Meta 

(author, 1956) 






666 

St Vsh 

.11 

668 

607 (m) 

C — Br stretching 


859 

m (i 

.25 

863 

831 (ms) 



1002 

Vst Sh 

.05 

1004 

962 (Vst) 

Carbon ring breathing 


1056 

St Sh 

.02 

1062 

1001 (w) 



1215 

St Vd 

.01 

1229 

1211 (inw) 

0 — F 8ti*(‘tching 

Para 

(Nielsen ot al, 1956) 



One of the E^g components of Co Ho 


290 

Vst Sh 

.30 

276 

251 (m) 


596 

m Sh 

. 15 

597 

513 (mw) 

C - -Br stretching 


810 

Vst Sh 

.10 

812 

788 (Vst) ^ 

i Totally symmf'tric C — C vibrations 


1066 

Vst Sh 

.40 

1066 

1016 (St) J 

1 


1228 

St — 

.50 

1235 

1230 (ms) 

C — F stretching 


The author is grateful to Dr, G. C. Finger for the gift of the samples, and to 
the Government of India for the award of a senior research scholarship. The 
author is deeply indebted to Prof, K, R, Rao for his valuable guidance. 
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PAEAMAGNETIC NUCLEAR RESONANCE— By Pierre Grivet. (In French). 

Pp 298, Centre National de la Recherche Scientilitpie. Paris. 1955, 

Price ISOO francs. 

This book has been actually written })y seven sj)ecialists under the 
general supervison of Prof. Grivet who has himself written the introduction 
dealing with general features of nuclear iriagnetisni. The second chapter deal- 
ing with the establishment and integration of Bloch equation according to the 
macroscopic theory has been written by E. Gabillard. In this chapter the 
integration of the Bloch equation for slow sweep and rapid sweep and also the 
simplified theory in the case of rapid sw^ep have been disi ussed in detail. The 
cpiantuni theory of mudear resonance and itdaxation in spin-medium has lieen 
given in detail by Y. Ayaiit in the next ehapter. He has also iiududed in this 
chapter discussion on the study of nuclear resonance in water, other li(|uids and 
paramagnetic solutions. The experimental methods have been described and 
explained in Chapter IV by R. Gabillard. He has discussed separately the methods 
of measuring long and short relaxation times, including in each (^ase theoretical 
calculations. He has also included an elaborate discussion on Iht* experimental 
methods of detecting nuclear spin-echoes dcvelojied by Hahn and has given detailed 
accounts of the inethod of measuring the times of ndaxatioji, 1 \ aiul /p from 
spin-echo patterns developed independently by himself and Bradford & (Jay in 
1951. Beautiful photographs of such patterns have been reproduced to explain this 
method. In the next chapter M. Soutif and R. Gabillard have given some more 
details of practical experimental arrangements iJicluding details of circuit compo- 
nents. Chapter VI vTitten by G. J. Bene, P. M. Denis and R. C. Extermanii 
deals with the production of stationary magnetic field required fox the study 
of nuclear magnetic resonance. In the next chapter on gyroniagnetic ratio, ^ . 
Ayant has discussed the corrections to be applied to this ratio due to the pheno- 
mena of ‘‘shifts^’and G. J. Bene has given a long table containing the numerical 
values of nuclear magnetic moments. In Chapter VIII, Y. Ayant has given 
the theory of quadrupolar resonance and relaxation and M. Buylc Bodin has 
discussed the theory of the experimental arrangement suitable for detecting such 
a resonance. In Chapter IX on gyromagnetic ratio and nuclear magnetic moment 
G. J. Benne, P. M. Denis and R. C. Extermanii have discussed the regularities 
observed in the distribution of nuclear magnetic moments and their relation 

to “magic numbers”. 

In Mch chapter references to origi.n.1 paper, have been included and n«- 
meron. diagram, have been u«k 1 to Mtate elucidation. From the .ummary 
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of the contents given above it will be quite evident that attempts have been made 
to present in the volume up-to date and exhaustive treatments of the theoretical 
aspects of the phenomena connected with nuclear magnetic resonance. The 
book will be immensely helpful to both specialists working in this line and phy- 
sicists who want to be acquainted with this line of research. Considering the 
get up and quality of the diagrams, the price seems to be quite reasonable. 

8. C. 8. 
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THE INVERSE KINETIC ENERGY MATRIX ELEMENTS, ETC., 
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1. Page 434— Table heading ; read for y* , .jl and 7"aa47s for YCj mVs 
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L Ej ir* 


for 


— ^ sin Vs oosec I ^ sin + 

• Jv« ' r 
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446— Table C {contd), third line, read Tj y\ for Tiy'j, 
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RESOLUTION OF SPECTRAL LINES OF UNEQUAL 

INTENSITY 


K. C. CHATURVEDI AND M. S. SODHA 

156-D, Kamala Na<.‘ah, I)KLm-0 
(HerAved for puhlimtion Aug^t 10, J9r>(>) 


ABSTRACT. In this paper the authors Jiava, discussed the dependence of j’esolvin^ 
power on intensity ratio of the two lines to lx* resolved, dete(‘ting instj-ument and the 8tag<? 
of resolution desired when (i) instrumental line width ’.is negligiblt‘ and (ii) wluui natural line 
width is negligible. 


1 N T H O D U C' T Jon 


In general the spectral lines, sought to be jfesolveil are not of equal intensity. 
This fact has not been given sufficient importance and there are no results, re* 
garding the variation of resolving powers of instruments with the intensity ratio 
of the two spectral lines to be resolved, except those ot Sparrow (1916) and 
Sodha (1952) for non-absorbing prism. The latter’s results are not correct since 
he took the central mmimura as the point of intersection of the component two 
intensity patterns. 

Sparrow (1916) has suggested that two spectral lines, to be resolved, should 
have no dip in the resultant intensity pattern at the limit of resolution. In other 
words, resolution to non-resolution occurs, when the central minimum of the 
resultant intensity pattern of the two lines, just vanishes. It is obvious that the 


visibility 

becomes zero at the limit of resolution, when Sparrow’s criterion is applieil. 
Hence Sparrow’s criterion merely sets an upper limit for the resolving power. 

Tolansky (1947) modified the Rayleigh criterion, when the spectral lines 
are of unequal intensity and stated that the two lines can be resolved when th^ey 
are separated such that at the point of overlap the intensity of the stronger as 
faUen to two-fifths of the maximum intensity of the weaker line. In this mo( i- 
fication Tolansky has oviously overlooked the following facts. 

(i) The weaker maximum of the resultant intensity pattern is different 
from the maximum intensity of the weaker line. The tail of the stronger 

line also contributes to it. 

,ii) For lino, of oneqori tolen.ity, tke central minimum doe. not occnr 
at tie point of intemeotion of the two component mtennty paltema. 
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Keeping the alcove facts in view^ Sodha (1962) modified the Rayleigh criterion 
for resolution of lin^s of unequal intensity and stated that at the limit of resolu- 
tion the central minimum of the resultant intensity pattern should be 8/w‘^ times 
the weaker maximum. 

Ditchburn (1930) has pointed out that the value of (Imml^max) = 0, of the 
resultant intensity pattern at limiting resolution is characteristic of the detecting 
instrument and the stage of resolution desired. It may be added that in dis- 
cussing resolution ol lines of unequal intensity I^n^x should refer to the weaker 
maximum of the resuitant intensity pattern. 

In this communication, the authors have investigated the variation of re- 
solving power with the intensity ratio 6 (> 1) of the two spectral lines to be 
I'csolvcd for various values of C (0.4 ^ C ^ 0.98) in the following two cases : 

(i) When instrumental width is negligible and the intensity distribution 
of the lino is governed by Doppler effect. 

(ii) When Doppler width is negligible and the intensity distribution is 
governed by the instrument (Fabry Perot etalon). 


N K 0 1^ t a 1 B L K INS T K U M E N T A L W I D T H 

The intensity distribution of a spectral line of wave number due to Doppler 
effect is given by 

/' = /„ e-^< 

where /J = /ic^J2RTv^^, //, being th^ mass of radiant atoms. 

The intensity distribution of another spectral line of wave number I'o+Ar 
and an intensity b times the first is given by 


/" = biQ 

if Av is small same for both lines) 

Putting = X and \/y?,Av = a, the resultant intensity pattern is given 

lo ••• V ; 

Neglecting shrinkage effect, the weaker maximum of the resultant intensity 
pattern {Xf^uix = H) is given by — 


7— = l+6c’ 


(2) 


The value of ir(= for which the minimum of the resultant intensity 
pattern occurs, is given by 


1 dl 




I A dx 


== — -|-6(a— a;)e -(«— a?)* _ q 


or 


<p{x) = bip{a—x) 


( 3 ) 
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where (j>{x) = 

Por 6 = ] , Eqn. (3) gives 

^mtn = «/2 

The minimum of the resultant intensity pattern is given by 


For optimum resolution 

^ I milt- 

^ ~ I 

^nia 

The resolving power is given by 


A _ Vo _-v/A „ - a. C J 1^' 


where 


(3«) 

(4) 

(r>) 

(fi) 


The details of calculation are given in Table T whicli gives the variation 
of a with C for = 1, 2, S, 4 and 5. The table is illustralwl by figure 1. 
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TABLE I 

Variation of a with 0 ior 6 = 1, 2, 3, 4 and 5 when instrumental width is 

negligible. 



^min 


h f 

i " 

^min 

io 

^max 

To~ 

0- 

Ifnin 

Imax 

a 





i(o — Xfnifi) 





1 

0.806 

— 

— 

0.806 

1.612 

1.0427 

1.0743 

0.971 

0.620 

1 

0.837 

— 

— 

0.837 

1.674 

0.9932 

1.0608 

0.937 

0.597 

1 

0.894 

— 

— 

0.894 

1.788 

0.8986 

1.0400 

0.863 

0.569 

1 

1.000 

— 

— 

1.000 

2.000 

0.7358 

1.0183 

0.722 

0.500 

1 

1.049 

— 

— 

1.049 

2.098 

0.6658 

1.0123 

0.658 

0.477 

1 

1.095 

— 

— 

1.095 

2.190 

0.6024 

1.0083 

0.597 

0.457 

1 

1.183 

— 

— 

1.183 

2.366 

0.4932 

1.00370 

0.491 

0.423 

1 

1.225 

— 

— 

1.225 

2.450 

0.4462 

1.00248 

0.445 

0.408 


2 

0.632 

0.4239 

0.21 J 9 

1.365 

1.997 

0.9817 

1.0368 

0.947 

0.501 

2 

0.775 

0.4252 

0.2126 

1.363 

2.138 

0.8602 

1.0206 

0.843 

0.468 

2 

0.894 

0.4018 

0.2009 

1.391 

2.285 

0.7395 

1.0108 

0.732 

0.439 

2 

1 .000 

0.3679 

0.1839 

1.433 

2.433 

0.6260 

1.0054 

0.622 

0.411 

2 

1.140 

0.3106 

0.1553 

1.457 

2.597 

0.6125 

1 . 0024 

0.511 

0.385 

2 

1 .225 

0.2733 

0.1366 

1.561 

2.786 

0.3974 

1.0009 

0.397 

0.359 

3 

0.548 

0.4057 

0.1352 

1.666 

2.113 

0.9996 

1.0347 

0.966 

0.473 

3 

0.707 

0.4289 

0.1430 

1 .542 

2.249 

0.8841 

1.0190 

0.868 

0.445 

3 

0.837 

0.4155 

0.1385 

1.555 

2.392 

0.7633 

1.0099 

0.756 

0.418 

3 

1 .049 

0.3492 

0.1164 

1.623 

2.672 

0.5491 

1.0023 

0.548 

0.374 

3 

1.140 

0.3106 

0.1035 

1.667 

2.807 

0.4586 

1.0011 

0.468 

0.356 

3 

1 . 183 

0.2917 

0.0972 

1.690 

2.873 

0.4184 

1.0008 

0.418 

0.348 

4 

0.447 

0.3661 

0.0915 

1.712 

2.159 

1.0323 

1.0377 

0.995 

0.465 

4 

0.548 

0.4057 

0.1014 

1.674 

2.222 

0.9840 

1.0286 

0.957 

0.450 

4 

0.632 

0.4239 

0.1060 

1.858 

2.290 

0.9257 

1.0212 

0.906 

0.437 

4 

0.775 

0.4252 

0.1063 

1.657 

2.432 

0.8046 

1.0109 

0.796 

0.411 

4 

0.894 

0.4018 

0.1005 

1.678 

2.572 

0.6877 

1.0005 

0.687 

0.389 

4 

1.000 

0.3679 

0.0920 

1.710 

2.710 

0.5836 

1.0000 

0.584 

0.369 

4 

1.095 

0.3298 

0.0825 

1.748 

2.843 

0.4888 

1.0012 

0.488 

0.352 

4 

1.140 

0.3106 

0.0777 

1.768 

2.908 

0.4471 

1.0008 

0.447 

0.344 

4 

1.183 

0.2917 

0.0729 

1.789 

2.972 

0.4098 

1.0005 

0.409 

0.336 

5 

0.447 

0.3661 

0.0732 

1.788 

2.236 

1.0227 

1.0337 

0.989 

0.447 

5 

0.632 

0.4239 

0.0848 

1.738 

2.370 

0.9144 

1.0181 

0.898 

0.422 

5 

0.775 

0.4252 

0.0850 

1.737 

2.612 

0.7929 

1.0091 

0.786 

0.398 

5 

0.894 

0.4018 

0.0804 

1.756 

2.660 

0.6792 

1.0054 

0.676 

0.377 

5 

1.000 

0.3679 

0.0736 

1.786 

2.786 

0.5727 

1.0021 

0.571 

0.359 

6 

1.095 

0.3298 

0.0660 

1.823 

2.018 

0.4820 

1.0010 

0.482 

0.343 

5 

1.183 

0.2917 

0.0583 

1.861 

3.044 

0.4038 

1.0005 

0.403 

0.329 


* Obtained by trial and error. 
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The variation of a with h for various values of C is given in Table II, which 
has been tabulated from figure 1. 


TABLE II 

Variation of a with h for various values of C when instrumental width 

is negligilale. 


C |6-> 

V 

1 

2 

9 

4 

5 

0.4 

0.393 

0.350 

0.345 

0.335 

0.328 

0.5 

0.425 

0.383 

0..364 

0.354 

0.346 

0.6 

0.458 

0.406 

0.384 

0..372 

0.363 

0.7 

0.402 

0.430 

0.405 

0.301 

0.381 

0.8 

Rayleigh’s 

criterion 

0.520 

0.456 

0.428 

0 412 

0.401 

0.0 

0.576 

0.484 

0.454 

0.435 

0.423 

0.08 

0.624 

0.515 

0.478 

0.457 

0.444 


Abbe’s 

criterion 


Table IT has been illustrated by figure 2. 



Fig. 2 


t. Variation of « with 6, when instrumental width is negligible. 
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FABRY PEROT ETA LON 

The intensity pattern of a spectral line in the order (n^+n), where w is a 
fraction and an integer is given for Fabry Perot etalon by 

r = /o- - ^ -^0 _ 

I+jP sin® n(nQ-\~n) l+x® 

where F is the eoeflScient of fineness and x = 

The intensity distribution of another spectral line, separated by an order 
^n, of an intensity b times the first is given by 


where 


1+F sin® 7r(nQ+n—An) l+(^— a)® 


a = nAnF^ 


The resultant intensity pattern is given by 

l I ^ ... (7) 

1+rr®^ l+(a;— a)® 

The values of x for which the maxima or minimum of the resultant intensity 
pattern occur are given by 

_ 1 _ a: b{a--x ) _ ^ 

2Iq OCX (1+a?®)® {l+(a-— ar)®)® 


F(x) — bF(a—x) 


... ( 8 ) 


where F(x) - 

The weaker maximum will occur near a: = 0 and can be obtained by solving 

Eqn. (8) by the method of successive approximations given by Sodha (1955). 

The minimum and weaker maximum of the resultant intensity pattern are 
given by 


i +**»»,» 1 +(«— »»")* 


... (9) 


1 


For optimum resolution 
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The resolving power is given by 

'I _ Wp _ TT 

dX ^n~ a- ... ( 11 ) 

where 

a = nja 

The details of calculation are given in Table 111, whicli gives the variation 
of a with 0 for 6 = 1, 2, 3, 4 and 5. The tatde is illustrated by figure 3. 




l-’ig. 


Fig. 3. Variation of a with G for h\ P. 
otalon. 


4. Variation of a with b for F. P. otalon. 
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TABLE III 


Variation of a with C fat b — 1, 2, 3, 4 and 6 for F.P. etalon. 




F(a^xlmin) 





a 






u — aJy/iin 


^max 

^mn 

lo 

I max 

h 

^min 

^max 

a 


a— %4}i 







1 

0.70 



0.70 

1.4 

0,229 

'j r 

1.3423 

1.3719 

0.978 

2.24 t 

1 

0.80 





0.80 

1.6 

0.155 

1.2195 

1.3004 

0.934 

1.964 

1 

o.»o 





0.90 

1.8 

0.117 

1.1050 

1.2474 

0.886 

1.746 

1 

1.00 

— , 



1.00 

2.0 

0.090 

1.0000 

1.2071 

0.828 

1.571 

] 

1.15 





1.15 

2.3 

0.062 

0.8611 

1.1626 

0.741 

1.366 

1 

1.25 



— 

1.25 

2.5 

0.050 

0. 7805 

1.1403 

0.684 

1.257 

1 

1.40 





1.40 

2.8 

0.037 

0.6757 

1.1144 

0.606 

1. 122 

1 

1.60 




1.60 

3.2 

0.0255 

0.5618 

1.0897 

0.516 

0.982 

1 

1.85 



- 

1.85 

3.7 

0.0174 

0.4522 

1.0684 

0.423 

0.849 

J 

1.90 

— 

— 

1.90 

3.8 

0.016 

0.4338 

1.0650 

0.407 

0.827 

2 

0.65 

0.321 

0.1605 

1.395 

2.045 

0.210 

1.382 

1.416 

0.976 

1.536 

2 

0.80 

0.297 

0.1485 

1.460 

2.260 

0.145 

1.247 

1.344 

0.928 

1.390 

2 

1.00 

0.250 

0.1250 

1.610 

2.610 

0.096 

1.0564 

1.271 

0.831 

1.204 

0 

1.20 

0.201 

0.1005 

1.800 

3.000 

0.065 

0.8816 

1.2038 

0.732 

1.047 

2 

1.40 

0.159 

0.0795 

2.010 

3.410 

0.044 

0.7346 

1.1602 

0.633 

0.921 

2 

J .60 

0. 126 

0.0630 

2.220 

3.820 

0.032 

0.6183 

1 . 1293 

0.548 

0.823 

2 

1.80 

0.100 

0.0500 

2.440 

4.240 

0.024 

0.5234 

1.1059 

0.473 

0.741 

2 

2.00 

0.080 

0.0400 

2.680 

4.680 

0.020 

0.4445 

1.0876 

0.409 

0.671 

3 

0.70 

0.315 

0. 1050 

1.750 

2.460 

0.200 

1.4033 

1.4527 

0.066 

1,277 

3 

0.80 

0.297 

0.0990 

1.810 

2.610 

0.155 

1.3114 

1.4035 

0.934 

1.204 

3 

1.00 

0.250 

0.0833 

1.960 

2.960 

0.100 

1.1196 

1.3169 

0.850 

1.061 

3 

1.20 

0.201 

0.0670 

2.170 

3.370 

0.070 

0.9354 

1.2474 

0.750 

0.932 

3 

1.40 

0.159 

0.0530 

2.390 

3.790 

0.050 

0.7848 

1.1977 

0.655 

0.829 

3 

1.60 

0. J 26 

0.0420 

2.630 

4.230 

0.0365 

0.6598 

1.1601 

0.569 

0.743 

3 

1.80 

0.100 

0.0333 

2.900 

4.700 

0.027 

0.5546 

1.1307 

0.490 

0.669 

3 

2.00 

0.080 

0.0266 

3.140 

5.140 

0.0205 

0.47.53 

1 . 1099 

0.428 

0.611 

4 

0.67 

0.319 

0.0797 

2.000 

2.670 

0.220 

1.4902 

1.5253 

0.977 

1.177 

4 

0.70 

0.315 

0.0787 

2.015 

2.715 

0.215 

1.4616 

1.5078 

0.969 

1.157 

4 

0.90 

0.275 

0.0687 

2.140 

3.040 

0.140 

1.2694 

1.4059 

0.903 

1.033 

4 

1.20 

0.201 

0.0503 

2.450 

3.650 

0.075 

0.9813 

1.2846 

0.764 

0.861 

4 

1.50 

0.142 

0.0355 

2.810 

4.310 

0.046 

0.7573 

1.2066 

0.628 

0.729 

4 

1.80 

0.100 

0.0250 

3.200 

5.000 

0.030 

0.5917 

1.1610 

0.510 

0.628 

4 

2.00 

0.080 

0.0200 

3.500 

5.500 

0.023 

0.5019 

1.1285 

0.445 

0.571 

4 

2.20 

0.064 

0.0160 

3.800 

6.000 

0.017 

0.4303 

1 . 1084 

0.388 

0.524 

5 

0.77 

0.303 

0.0607 

2.260 

3.030 

0.185 

1.4465 

1.5167 

0.954 

1.037 

T ) 


0.275 

0.0550 

2.350 

3.2.50 

0.142 

1.3191 

1.4495 

0.910 

0.967 

5 

1.20 

0.201 

0.0402 

2.670 

3.870 

0.081 

1.0249 

1.3191 

0.777 

0.812 

5 

1.50 

0.142 

0.0284 

3.070 

4.570 

0.049 

0.7873 

1.2307 

0.640 

0.688 

0 

1.80 

0.100 

0.0200 

3.500 

5.300 

0.032 

0,6132 

1.1729 

0.523 

0.593 

5 

2.10 

0.072 

0.0144 

3.940 

6.040 

0.0215 

0.4874 

1.1338 

0.430 

0.520 

5 

2.30 

0.058 

0.0116 

4,260 

6.560 

0.0170 

0.4201 

i . ll 38 

0.377 

0.479 


^obtained by trial and error. 
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The variation of a with b for various values of C is given in Table IV, which 
has been tabulated from figure 3. 

TABLE IV 

Variation of a with b for various values of C, for F.P. etalon 



1 

2 

8 

4 

5 

0.4 

0.822 

0.666 

0.565 

0.534 

0.492 

O..^ 

0.954 

0.768 

0.6^8 

0.618 

0.576 

0.6 

1.110 

0.882 

0.7^4 

0.702 

0.654 

0.7 

1.284 

1.005 

o.arro 

0.798 

0 . 738 

0.8 

Kay leigh ’h 
criterion 

1 . 500 

1 . 152 

0.060 

0.906 

0.834 

0.9 

1 . 800 

1.338 

1 . 146 

J.026 

0.954 

0.98 

2 . 250 

1 . 548 

1 . 308 

i . 194 

1.092 


Abbe’s 

criterion 


Table IV is illustrated by figure 4. 
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THEORY OF SPHERICAL SYMMETRY METHOD FOR 
MEASUREMENT OF THERMAL NEUTRON ABSORPTION 

A. M. GHOSE AND N. K. GANGULY 

ISosE Institute, (^vix utta 
{Ueceii'ed for piMication Map .‘JO, 

ABSTRACT. A iK'w Tn<‘thod has been (lev<’lo|)ecl for measuring thermal neutron 
ahsoi-ption eims-seetion. Th<' method is a variant of the beam attenuation teehnique. Jt 
is an absoluh? method recjuiririg no standard neutron absorlx'r for ealibration. [n this method 
the H|)heri(*al symmetry of the ex|j('rimental arrangement has been exploited to balance out 
the effect of scattering. Derailed examination has boon made of tht‘ circumstances undi'i* 
which t his balam^ing takes places. Effects of non-radial nent-rons, scattering and absorption 
in the mod(*rator, variation of (U^tector efficiency for 8cattcM(*d ntnitrons, multiple scattc'ring 
and absorption i)roceHse8, thcrmaliaation of scattered e})ithermal neutrons and non-attain- 
ment of thiumal equilibihim in the moderator havt^ Ixuax studitnl. Possible' (‘xUaision of this 
inethoil to other energies of neiit rons as well us to other tyi)es of radiations, have been dis- 
cussed. 


1. J N T H O D II C 1' 1 0 N 

Technological as well as theoretical importance of the interactions of thermal 
neutrons with matter has resulted in the accumulation of voluminous' da^a on 
thermal neutron cross-sections. Nevertheless a study of the methods involved 
immediately reveals the fact that whereas the precise measurement of cr^, the total 
interaction cross-section for thermal neutrons, is of comparatively little experi- 
mental difficulty, determination of absorption or scattering cross-sections sepa- 
rately, is rendered difficult by numerous sources of error. The principal methods 
which have been employed hitherto for the measurement of 0 *^, the thermal neu- 
tron absorption cross-section, are the following ; 

(a) The beam attenuation technique. This method is applicable only to 
very good absorbers in which the effect of scattering is negligible (Havens and 
Rainwater, 1946; Wu eMl 1947 etc.) 


500 
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(b) Activation method. This method is applicable to absorbers in which 
neutron absorption leads to the formation of bettKac^tive nuclei. This 
method is a relative one requiring: a standard absorber to calibrate 
the neutron beam used for activation. (Houionnans, 1941 ; Maurer and 
Ramm, 1942; Seren e/ al^ 1947 etc.) 

(c) Methods based on local reduction of neutron density in a solution or 
mixture, due to the presence of the absorber in it. This is also a rela- 
tive method, requiring a standard absorber for calibration (Lapointe 
and Rasetti, 1940; Coltnian and Goldhaber, 1940). 


(d) Reactor methods, based on the dimihution of power level in a nuclear 
reactor due to the presence of the absorber. In both, ‘the danger eooffi- 
eient' and the 'oscillation method’, the two princi])al methods which 
fall under this category, the depression of neutron flux is n^iuired to 
be calibrated by a standard absorber, which is usually boron. (Ander- 
son ft a/, 1947; Weinburg and Schweinler, 194H; Harris tl fth 1950; 
Pomerance and Hoover, 1948; Pomerance, 1951: Haievski and Yvon, 
1950 etc.) 

(e) Methods based on the free decay of neutron flux in a moderator solu- 
tion containing the absorber. This is an absolute method applicable 
only to absorbers obeying Ijv law of neutron absorptioji. So far this 
method has been applied to boron coiitaiuing compounds only (Scott 
et al, 1954; Dardel and Sjostrand, 1954). 


It will be observed that most of the above methods are relative ones and 
their accuracy thus , depends entirely on the accuracy with which the thermal 
neutron absorption cross-section of standard boron absorber is known. The ex- 
perimental value of this important nucleonic constant has changed from tunc 
to time with the improvement of the measuring technique and in Table 1 we have 
coUected some of the values used for thermal neutron capture <-,ross-8ection of 
boron to show this trend. We must note in this connection that the word ther- 
mal’ in connection with neutrons refers to the Maxwellian distribution of neutron 
velocities corresponding to a temperature of 300°K. If the neutron velomty 
distribution is different, then corrections for this deviation must be included in 
discussing the cross-section value. We have correcteil pre-war values quoted 
in Table I in this manner. Details of this correction will be discussed in a subse- 

quent section. 


Although the latest determination of the capture cross-section of boron has 
removed greatly the difficulty in fixing the capture value ot standard absorb 
it is obviously desirable to develop an absolute method tor determmmg 
thermal neutron absorption cross-section applicable to absorbers of not too large 
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cross-section. The present method was developed with the idea of meeting 
this requirement. 


TABLE I 

Thermal neutron capture cross-section of natural boron 


Author. 

Thermal neutron cross-section 
in bams (at the standard neu- 
tron velocity of 2.2xl0f» cm/ 
sec., wherever possible) 

Pre-war value quoted by 
Lapointe and Rasetti ( 1 940) 

Varies from 500-700 barns when 
uncorrected; average value of 
600 barns were used by the 
authors; corresj)onding cor- 
rected value is 684 barns 

Ross and 8tory (1949) 

710i21 

Neutron oross-seetion Ad- 
visory Group AECU (19.52) 

751.3 (3990 barns for Rio iso- 
tope which is 18.8% abundant) 

Argonne Lab. Standard 
Hammermesh et al (1953) 

755 i 5 

Brookhaven Lab. Standard 
Carter et al (1953) 

749, t 4 

Harwell ntandard, Egel- 
staff (1953) 

782 ± 5 

Scott et al (1954) 

744 ±20 

Dardel and Sjostrand 
(1954) 

764 ±3 


IT METHOD 

The method we have employed is a variant of the beam attenuation tech* 
nique*. The fundamental relation between the transmission factor ^ and the 
parameters involved in the passage of a neutron beam through an absorber can 
always be expressed in the form 

f = ///o - exp.[--ir Np SjMl ... (1) 

where and I are the neutron intensities recorded in the detector before and after 
the introduction of the absorber respectively, N is Avogiadro’s number, while 
M and S are the density, molecular weight and thickness of the absorber along 


♦ (Reported to AEC India 1948 ; Bose Inst. Annual Report, 1949). 
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neutron path respectively. The interpretation of the constant A" depends essen- 
tially on the geometry of the arrangement used. For a ‘good’ geometry trans- 
mission experiment in which all the scattered neutrons are excluded from the de* 
tector, the value of K is obviously equal to at the total cross-section, provided the 
thickness of the absorber is such as to render the effect of multiple scattering 
negligible. As the geometry of the experiment is made ‘poorer’’ more of the scat- 
tered neutrons strike the detector and the value of K gets smaller than In 
the extreme case when the absorber is a spherical shell of small thi(*kness surround- 
ing the source and there is no limiting diaphragm between the source and the 
detector, as many neutrons are scattered into the detector (for instance neutron 
marked ‘a’ in figure 1) as are scattered out of the direct beam (neutron marked 




D 


a in figure 1); in this case the value of K is equal to the absor})tion cross- 
section, provided certain simple conditions, which we are going to consider pre- 
sently, are satisfied. 

To analyse the situation in detail, let us consider the experimental arrange- 
ment schematically represented in figure 1. O is a scnirce of thermal situated at 
the centre of a spherical absorber shell A, while Z) is a detector of thermal neu- 
trons. Let the neutron intensities at distances r and r-\ dr from tlie source ho 
n and n+dn respectively. 

Obviously -dn = dnf^-\-dnf^ **• 

where dn^ is the number of neutrons absorbed in the infinitesimal shell dA as 
shown in figure, while dng represents the drop in neutron intensity through 
scattering in dA^ The expression for dua is dSfM, where dS is the average 

pathlength of neutrons through dA . Now, the neutron intensity w at r is composed 
of both primary as well as scattered neutrons: the path followed by the latter 
10 not radW, in general, even if the primary beam happens to be radial. Hence 
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d8 ill the expression for drif, is not, in general, equal to dr. However, if the source 
emits radial neutrons and if the absorber thickness is so small that the number 
of scattered neutrons is small enough to allow us to neglect the obliquity of their 
path in considering their c*ontribution to n, we can write dS — dr in the above 
expression for Hence with these assumptions 

dn^^ — Nn cr^ p dr/M. ... (lb) 

While considering the expression for dn,f we note that the neutrons which 
are scattered in the forward direction (i.e. angle of scattering is not greater than 
77 / 2 ), e.g. the neutron marked oc in figure 1 , are available for absorption by nuclei 
outside the elementary shell and hence they do not cause any drop in the neutron 
intensity for transmission through dA. Neutrons which are scattered by more 
than 7r/2, e.g. the neutron marked /? in the figure, will cross dA at points such as 
C and will be available for al)sorption, provided we can neglect the drop in neutron 
intensity through al^sorption between the points of scattering and the points 
of re-entrance. As before, we have neglected the effect of obliquity of the path 
of scattered neutrons with respect to their unscattered path. Under these assump- 
tions, we can therefore set dn^ to zero and hence (la) becomes 


dM ^ -Na-aP , 

■11 M ~ ' 


leading to 


n ~ exp.[— (7,^ Np8jM] ... (Ic) 

If the cfBcdency of the detector is independent of the direction of incidence 
of the neutron actuating it, so that scjattered neutrons are detected with the same 
efficiency as the unscattered ones, the measured transmission will be equal to 

and hence we will get finally 

= ox^p.-W^NpSm ... ( 2 ) 

which is the same as E(pi. (1) with K replaced by rr^. 

Collecting the assumptions made in deriving the above formula, we note that 
the following conditions must hold good, if the effect of scattering is to be 
balanced out by spherical geometry of the apparatus. 

(1) The neutron flux is radial so that 8 in equation (2) is the radial thick- 
ness of the absorber. 

(2) The thickness of the absorber is so small that the effect of the obliquity 
of the path of scattered neutrons compared to that of the unscattered ones is 
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negligible; we note that this condition in less stringent than that of neglecting 
multiple processes altogether. 

(3) There is no absorber or scatterer between the source and Uie absorber 
whose cross-section is under investigation. 

(4) Efficiency of the detector is indepeiideut of the angle of iju idence of 
the neutron striking it. 

(5) We have also tacitly assuiued in the above that tlie absorber does not 
generate fresh thermal neutrons through slowing down l)v scattering of e})itlier- 
mal neutrons. 

Deviations from the above assumptions occur in ]uaetice and iii the subse- 
quent sectiojis wo will examine them in detail. 

111. N () N-R A 1) i A b K 1. I X () F \ F V 1! () N S 

To produce a spherically symmetrical theriiial neutron beam in tlje laboratory 
using natural sources, the obvious and straight forward \^ay is to surround a 
Ra-Be source with a spln^rical moderator of suliicicuit thickness to Iheiinalise 
the fast neutrons issuing out of the sour(*e. It is well-known, liowever*, that the 
neutrons emerging from the inoderator surface ar<^ not radial and therelbn* the 
assumption (1) stated in the previous se(*ti(>n is violated. In cahMilating the ii)odi- 
fied transmission factor, we will have to take into account th(‘ variation of tlie 
neutron path length S Avith its inclination wdth the raflius, together witli the 
angular distribution of the neutrons emerging from tlie inoderator. A reference 
to figure 2 at once show^s that the expression for jS is given liy 



s = ■■■ (») 

where = co8 i? is the inner radius of the absorber which is assumed to be 
placed directly on the moderator and T is the radial thickness of the absorber. 
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The problem of determining the angular distribution of neutrons at the 
moderator surface is more complicated. If the dimensions of the moderator 
surface is large compared to the mean free path for scattering of thermal neutrons 
in it, we can apply the results which have been derived for semi^infinite plane 
moderators. Using certain simple assumptions Fermi deduced a simple angular 
distribution law for the neutron intensity (Fermi, 1936; Bethe, 1937). If we nor- 
malise to unit neutron density, the density distribution function is given by 

= (l + v/3//)/(l + V3/2), ... (4) 

where is the neutron density between directions defined by fi and fi+d/u,. 

The problem of neutron distribution from the surface of a semi-infinite modera- 
tor, which neither absorbs nor multiplies the neutrons, is completely analogous 
to the Milne problem in the astrophysics. The problem has been solved by Weiner 
and Hopf (Weiner and Hopf, 1931; Hopf, 1934). A modified derivation which is 
suitable for numerical calculations has been given by Plackzek and Seidel (Plack- 
zek and Seidel, 1947; Plackzek, 1947). The new distribution function is 
given by 


M ^ exp. f ‘ dx] 

2(1+/^)^ ini 1— a; cot a: .! 


Tables of numerical values of ^(//) have also been given by Plackzek, which shows 
that Fermi’s function is accurate within a fraction of one per cent. More exact 
but complicated solutions of the problem at hand has been derived, but the error 
caused by using (5) in our calculations being of the order of a tenth of a per cent, 
we have refrained from using them. Experimentally the. distribution func- 
tion has been verified by Hoffman and Livingston and more recently by Jonker 
and Blok (Hoffman and Livingston, 1938; Jonker and Blok, 1949). 

To find out the numerical distribution function from the density distribution 
function, let us consider an elementary area dS of the moderator surface (figure 2). 
For simplicity let us assume that all neutrons travel with the same velocity v. 
Neutrons which are emitted at an angle 6 in an interval of time dt will be contained 
in a cylinder with a base dS and slant height v dt. Hence the number of neutrons 
within the angles defined by and fi+dfi is (j>{fA).fi,vdti d/ids, showing that the 
numerical distribution function is proportional to 
Hence the expression (2) for transmission is modified to 
1 1 

^ = J /A^(/i) exp.j^~S^(/^)JVp<ra/Jlf /i^(/i)d/i ... (6) 

O (> 

The above expression cannot be directly integrated and solved for cr and one 
has to take recourse to geometrical or algebraic methods. Using the geometrical 
constants of the apparatus used, one can tabulate corresponding values of ^ 
and / = NpcrJM, From this set of values either a graph oi t/r vef may be drawn 
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to get/ and hence 0 *,^ from any measured value of or the usual interpolation 
formula may be applied for the same purpose. Alternatively, the universal trans- 
mission curves derived in the following paragraphs may be used. 

Let us express all distances in terms of A, the absorption mean free path of 
thermal meutrons in the absorber, where 


A - ^ ^ 

/ 

The equation (3) now becomes 

•■»(/') = ^\/i-u-+t{t+2(i)\'^ - (I/I 


( 7 ) 


(I = RjA and / ” TjA. Therctbre, 
s{/i) ^ ^L{/^V-+(1+lV)P~/ 7/| ~ /.a(r, //), W' 

where r — aft is the ratio of inner radius of the a])S()r]>er shell to the thickness 
of the absorber used and a(r, //) is the function 

a(r,//) -|/AH(l l2r)p~ r/^. - W 

The function a(r, //) is givc^n for various values of r and // in Table 1 1 and figure. 3. 



Fig. 3 atr,/*) as function of r and M 
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TABLE II 

Function OL(r, /i) for various values of r and 


r 


^ \ 

1 

2 

3 

4 

5 

0 

7 

8 

9 

10 

0 

1 . 7320 

2.2301 

2.0457 

3.0000 

3.3100 

3.0056 

3.8730 

4.1231 

4.3580 

4.5820 

0.1 

1.6340 

2.0450 

2.3027 

2.0205 

2.8541 

3.0551 

3.2357 

3.4000 

3.5508 

3.6904 

0.2 

1.5430 

1.8710 

2.1120 

2.3048 

2.4041 

2.6000 

2.7182 

2.8227 

2.0150 

3.0000 

0.3 

1.4578 

1.7152 

1 . 8040 

2.0311 

2. 1401 

2.2200 

2.3057 

2.3707 

2.4273 

2.4772 

0.4 

1.3770 

1 . 5740 

1 . 7052 

1 . 8000 

1 . 8730 

1 .0313 

1 .0701 

2.0102 

2.0533 

2.0828 

0.5 

1 . 3028 

1 . 4495 

1.5414 

1 . 0050 

1.0533 

1 . 0004 

1.7202 

1 . 7440 

1 . 7050 

1 . 7823 

0.0 

1 . 2330 

1.3377 

1 . 4000 

1.4410 

1.4721 

1.4051 

1.5131 

1.5277 

1 . 5307 

1.5408 

0.7 

1.1082 

1 . 2382 

1.2770 

1 . 3030 

1.3210 

1 . 3353 

1 . 3458 

1 . 3541 

1 . 3583 

1 . 3000 

0.8 

1.1070 

1 . 1405 

1 . 1721 

1.1803 

1.1002 

1.2033 

1 . 2088 

1.2131 

1.2100 

1 2105 

0.0 

1.0510 

1.0705 

1,0802 

1.0801 

1 . 0902 

1.0981 

1.0953 

1.0970 

1.0984 

1.0905 

J.O 

1.0000 

1.0000 

1 .0000 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

1 .0000 

1.0000 


The expression (6) for transmission is now modified to 

1 1 
= j exp. [~s(n)]dfil I 


I 1 

= I /t^(/t)exp. — (iO) 

O o 


This is a function of t and r. This functional relation is shown in Table III 
and figure. 4, the latter being the universal transmission curves applicable to dif- 
ferent geometrical dimensions of the apparatus used. These curves may be uti- 
lised as follows : Prom the dimensions of the apparatus we first determine the 
ratio r = RjT, Figure 4 is then used to determine the set of corresponding values 
of y5r and t, with the help of which the transmission curve v8, t) pertaining to 
the apparatus is drawn. Alternatively Table III may be used for the same pur- 
pose employing usual algebraic methods. In either ease, the value of t corres- 
ponding to any experimentally obtained value of ^ is determined. From the value 
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oft ihus obtained and the value of T is «ns. measured directly, the value of (t„ 
is calculated by using the relation ' " 

_ Mt 

NpT ••• (11) 

In Tables II and III and figures d and 4 we have covered the range t — 1 
to 10 and ^ = 0 to 1.0; we can extend theni to include values other than those 
considered here, in the manner indicatexl in the above paragraphs. 



Fig, ^<t), f{r,t) as function of r and t 
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TABLE III 

Transmission function ^(r. /) for various values of r and t 

r 


t \ 

I, 

2 

3 

4 

5 

6 

7 

8 

9 

lo 

o.u 

1 . 0000 

1 . 0000 

1 . 0000 

1 .0000 

1.0000 

1 .0000 

] .0000 

i .0000 

1 .0000 

1 .0000 

U. 1 

0.8891 

0.8814 

0.8777 

0.8746 

0.8721 

0.8702 

0.8687 

0 8671 

0.8663 

<» 8653 

U.2 

0.7914 

0.7787 

0.7710 

0.7657 

0.7616 

0,7585 

0.7560 

0.753<) 

0.7522 

0.7506 

0.3 

0.7040 

0.6877 

0.6778 

0.6710 

0.6660 

0.6622 

0.6590 

0.6564 

0.(>544 

0.6525 

0.4 

0.6266 

0.6076 

0..’)963 

0..7887 

0.5831 

O'. 5788 

0.5753 

0.5725 

0 5703 

0.5682 

0..3 

T).r>.^78 

0.5371 

0 . .'>2.70 

0.5169 

0.5111 

O'. 5066 

0.5030 

0.5001 

0. 1978 

0.4958 

O.fi 

0.4966 

0.4750 

0.462.7 

0.4543 

0 1484 

0.4439 

0 1404 

0.4.371 

0. 1353 

0.4332 

0.7 

0.4422 

0.4202 

0.4078 

0.3996 

0.. 39.38 

0.3894 

0.3860 

0.3833 

0.3811 

0.3792 

0.8 

0,.3939 

0.3720 

0.3597 

0.3518 

0..3462 

0..342O 

0.3387 

0.3361 

0.3311 

0.3322 

0.9 

0.,3r)09 

0.3294 

0.3175 

0.3099 

0.3046 

0.3OO(» 

0 2976 

0.2951 

0 2932 

0 2915 

t .0 

0..3I27 

0.2918 

0.2804 

0.2732 

0.2682 

0.2615 

0.2617 

0.2591 

0 2577 

0.2561 


The error in the above table in within 0.2%, whic h is (‘nou^h for tlio purpoHc* 
at hand. For the sake of (?oinparison we have givcMi in Table IV. thc‘ values of 
?// for radial distribution of neutrons. They are obviously ecpial to j//( 0, /) in our 
previous notation. 


TABLE IV 

Transmission ip , in absemee of angular distribution of neutrons 
0.0 0.1 0.2 0.3 0.4 O.T) 0.0 O.i O.S 0!> I 0 

1.0000 0.9048 0.8187 0.7408 (L6703 (K00()r> 0.r»488 0.4900 0.4493 0.4000 0 .3079 


IV. M IM. T f P L K P H () ( K S S E S 

When the absorber thickness reaches a value not small compared to the 
scattering mean free path of the neutrons, the error caused by the ahsorptKm 
of scattered neutrons cannot be neglected. Major contribution to this error 
comes from singly scattered neutrons; the effect of multiple scattered neutrons 
will be felt only when the absorber thickness becomes larger than A,. In this 
discussion we will confine our attention to first order corrections alone, as this is 
sufficient to cover most of the cases which will occur in practice. Referring to 
sec. II condition (2) for the vaUdity of the transmission equation, we find that 



512 


A. M, Ghosh and N. K. Ganguly 


multiple processes affect our result through the alternation in the path -length 
of scattered neutrons from the path they would have followed in absence of 
scattering. Since on an average the length of the scattered path is greater than 
the corresponding undeviatcd path, more of the neutrons will be absorbed, as 
a result of which the apparent value of the absorption cross-section will be 
greater than its true value. A rough estimate of the error caused may be ob- 
tained in the following manner. To find the order of increase in the neutron 
path due to scattering we note that if we pair off the neutrons scattered in the 
opposite directions, the total change in the path length remains of the same order 
as we shift the point of scattering from the inner to the outer surface of the ab- 
sorber. At thickness T/2 of the absorber, the neutron pair scattered at angles 
0 ° and 180 '^ suffer a total increment of path length by T, Hence as a rough 
estimate we can suppose that the path-length increase through scattering is T/2 
per neutron. Let and \lr be transmission in presence and in absence of scat- 
tering respectively. Hence the number of primary neutrons absorbed is (1 — v^). 

Number of primary neutrons scattered is then obviously — where (Tjf 

is the scattering cross-section of the absorber. Of these scattered neutrons 
nearly ^(1—^/) fraction will be absorbed due to increase in path length alone. 
Hence neglecting sec'ond and higher order scattering 

'-'a 

showing that tlu* fractional error p in estimating absorption is of the order of 

a a 

If the value of is approximately known, then the above relation may be tised 

to estimate the order of error involved. 

A semi-empirical approach to the problem may be made as follows. The 
increase in absorption due to scattering is a function of absorber thickness T. 
This increased absorption may be imagined as due to a virtual source at the 
centre, the strength of the virtual source being a monotonically increasing func- 
tion of T; we can write this source-strength as ngfiT), as it is proportional to the 
real source-strength for obvious reasons. Hence the measured transmission 
is related bo the corrected transmission by an equation of the form 


or, 


= no[l+f{T)](l^r) 


... (13) 



Theory of Spherical Symmetry Method for Meamrement, etc. 513 

Since f < 1. f is always greater than f, f{T) being essentially }H)8itivc. Now 
the expression for ijr when all neutrons are radial is 

ijr - exp. [-Tcr^NpIMl ... (Ua) 

When the neutrons follow an angular distribution law, v^e assume that when T 
is varied keeping the moderator radius constant we can express the above equa- 
tion in the form 


^ =■ exp. [~/i{T)<TaNplM I . . . ( 14b) 

Similarly expressing i/f' in the form 

tj,' = exp. [~/i(Ty^AplMj ... (I4e) 

where is the apparent absorption cross-j3C(‘tion measured witliout heed to 
the scattering. Comparing (I4a), (14b) an4 (14c) anil remembering tliat by 
Plaekzek and Seidel distribution law’ most of the neutrons are emittiHl from 
the moderator surface making small angles with the radius, it is evident that foi* 
not loo large value of T, we can expand /^(T) in the form 

/J(T) ^ T(A,-\ B^T^(\TH ). (ir)a) 

When the absorber thickness T is very small, elementary (lonsiderat ions 
show that the strength-function f{T) is also very small sf low ing that /(^’)~>0 a.s 
>0. For moderate values of T v/e can therefore write 

f(T) = T(A,+ B,T-H\r^-\ ) 

Now, on substituting (14b) and (14e) in (13) and taking In ot both sides we 
have 


= ■"• + jv • '“"'‘I 

using (16a), (15b) and expansion of ^ — exp. [ jyj j ’ ^ave 

M terms 


, . )f 


] 


=o-„(l+jr+ilTH ) - 

When a series of measurements of <t\ is available for several values of T, 
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we can fit them into the above relation to find the true value of the absorption 
cross-section <t . 

V. A B S O K P T I 0 NT AND H C A T T E II I N G J N M O D E II A T O K 

If the moderator used in slowing down the nehtrons has an appreciable 
abmjrption cross-section, a fraction of the scattered neutrons which encounter 
the moderator in their scattered path will be absorbed. This effect should be 
extremely small in all normal moderators, for which is only a small fraction 
of fTf. On the other hand, most of the neutrons incident on the moderator will 
suffer multiple scattering within it. We can, in fact, assume that these neutrons, 
irrespective of their previous history, will emerge out from the surface of the 
moderator obeying the angular distribution law discussed in Sec. II. 

A crude estimate of the correction factor, similar to Eqn. (12) above, may 
be derived easily if T is small compared to jB, so that most of the neutrons scat- 
tered by more than i. 7 r /2 will strike the moderator. We neglect the increase in 
path between the point of scattering in the absorber and the point of incidence 
on the moderator; we assume however that the average change in path length 
for neutrons scattered through angles less that ih7r/2 is of the order of T/2. With 
these assumptions wo can easily show that the presence of the moderator modi- 
fies the E(|n. (12) to 

... ( 17 ) 

a "rt * ''a 

Like E(pi. (12), the above equation is one useful only for indicating order of the 
error invoved and no other significance should bf^ attached to it. 

The nett effect of the presence of the moderator will be an increase in the 
neutron absorption, the im^rease being proportional to the number of primary 
neutrons scattered by the absorber. As discussed in the previous section, we 
can associate this absorption to imaginary sources at the centre and hence the 
form of the empirical correction formula as given by Eqn. (16) retains its validity 
and may be applied to derive the true value of cr^^. 

VI. DETECTOR EFFICIENCY FOR SCATTERED NEUTRONS 

Efficiency of a detector depends, in general, on the length of the path of the 
radiation through the active volume of the detector. Since the scattered neu- 
trons follow a path different from the unscattered ones, efficiency and hence the 
number of neutrons recorded will vary with the magnitude of scattering by the 
absorber. The calculation of the relative efficiency of a detector depends, in 
general, on the type of the detector, the mode of its use as well as on its shape and 
size. In this discussion we will discuss a foil type neutron detector, the beta- 
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activity induced on the exposed surface being taken as a measure of the neutron 
flux. We will also suppose that it is a circular disc of diameter d, with its axis 
passing through the centre of the absorber and moderator spheres. When a 
flux of neutrons is incident on the foil at an angle 6 to the normal, the number of 
active nuclei produced between depths x and x+dx is proportional to dx. sec 0 
exp. {—/IX sec 6), where /i is the absorption coefficient per cm. of the matt^rial 
of the detector for thermal neutrons. When the foil is presented for counting 
the activity produced, the recorded intonsitjr will be approximately given by 



( —fix sec 0) see 0 e<p. ( — //'.r) dx. 


where /i' is the “absorption coefficient” for the beta rays emitted by the foil. In 
all practical cases /// ^ //. Hence the recoi^ecl acf-ivity and licnce the effi- 
ciency of the detector is proportional to sec (K The maximum value of d say) 
when the centre of the spheres is at a distance D is obtained by solving the 
equation (figure 5) 


d = 2[D tan dn^—{R~\-T) cos 0,^^ 


m 



Kijf. r» 


We note that of the acattorod neutrons, about half will bo 

reacattered by the morlerator in a manner similar to the {)rirnar,v neutrons. 
Hence they do not cause any change in the efficiency of the detector. The jemai- 
riing half will be scattered through a mean angle of the order of i0,„. Hence the 
measured transmission will be 

;;(boc (i-^) 

showing that the fractional error in estimating the absoq.tion is of the order of 

due to alteration in efficiency of the detector. 


4 
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VII. SC'ATTEKINO OK EPITHERMAL NEUTRONS 

A fast neutron source surrounded by a moderator of finite dimensions always 
emits epithermal neutrons in addition to the flux of thermal neutrons. In pre* 
sence of the absorber, some of these neutrons will be thermalised by scattering, 
especially when these scattered neutrons encounter the moderator in their path. 
These neutrons can not be distinguished from the primary thermal neutrons and 
thus the dector will register an apparent increase in the value of \jr which will lower 
the measured absorption cross-section. The number of thermalised epithermal 
neutrons is a monotonic function of the absorber thickness T and tends to zero 
as T is made vanishingly small. Hence we can apply the semi-empirical equation 
(16) to correct for this effect as well. 

Viri. EHHOK DUE TO NON-ATTAINMENT OK THERMAL 

EQUILIBRIUM 

In the moderating material surrounding the source, neutrons lose their energy 
through elastic and inelastic collisions till their energy is comparable to the 
energy of thermal agitation of the atoms of the slo wing-down medium. We 
have assumed hitherto that the velocity of the neutn)ns eventually attains a 
Maxwellian distribution characteristic^ of the temperature Tq of the moderator. 
This is, however, strictly true only in a moderator of infinite dimensions which 
scatter the neutrons but do not absorb them. The actual velocity distribution 
from a finite, moderator, will therefore, show deviation from the Maxwellian dis- 
tribution. Experiments have shown that we can approximate the distri- 
bution closely by a Maxwellian distribution corresponding to a temperature T\ 
different from over which is superimposed a pronounced tail of relatively fast 
neutrons extending far into the epithermal region. The contribution of epither- 
mal neutrons can be experimentally determined by the usual cadmium differ- 
ence technique. On the other hand, the estimation of the temperature T* charac- 
terising the velocity distribution cannot be determined in a simple manner. When 
strong sources are available one can employ the velocity selector techniques 
to determine the actual distribution. When the moderator is in room -tempera- 
ture experiments of Manley et al (1946) and of Rainwater and Havens (1946) 
may be interpreted as showing that when a paraifin moderator of linear dimen- 
sions about 10±5 cms. is used T* is given jby 390°il::10°K, if D— D neutrons are 
used. For Ra-Be source, the dimensions of the moderator are to be increased 
to take into account the higher initial energy of neutrons. Hence for spheres 
of paraffin of diameters lying between 15 and 25 cms., we expect the above value 
of T to remain valid. 

It is usual to define thermal neutrons as neutrons with Maxwellian velocity 
distribution corresponding to a temperature of 300®K. For low absorbers, there- 
fore, the cross-section measured for neutrons at temperature T has to 
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corrected by the following relation to get the true thermal neutron absorption 
oross-section. 



Inserting the value of T statwl above for paraffiin spheres we have 

(Ta = (1.1402±0.0145) (<rjr ... (20a) 

We have used this correction factor in Table T. 

For absorbers not obeying \jv Jaw partial compensation for non-attainment 
of thermal equilibrium may be obtained by lowering the modei’ator temperature. 
When strong sources are available a better plan is to use large amount of gra- 
phite moderator, which has a low absorption cross-sei'tion, as is done in atomic 
reactors for getting thermal neutron flux. 

TX. S M A T. L n E V T A T T () N S H () ]V1 S V H P: R 1 \ b S Y M M P: T K Y 

If the absorber and the moderator spheres are not concentric, then the absor- 
ber thickness on one side will be greater than the opposite side. If, however, 
the centres are separated by a distance small compared to the absorber thickness, 
and detector is made to record the neutron intensity at different directions with 
respect to the spheres keeping its mean distance from the (centres constant, then 
the increase in the number of scattered neutrons from one side will almost com- 
pensate the decrease in their number froin the other side. The compensation 
in the value of the mean recorded intensity will not be exact but it will obviously 
be of second order of smallness. The degree of attainment of spherical sym- 
metry can be obtained by noting the relation between the intensity I and the 
distance D between the detector and the mean centre of the source and the ab- 
sorber. If the geometry of the arrangement is exactly spjherical, for a point detec- 
tor 72)2 should be constant. For a <letector of finite size //a should be constant, 
where D is the solid angle subtended by the detector at the centre of the spheres. 

Small local variations of the density of the absorber, and other small devia- 
tions from the spherical symmetry are likewise smoothed out and their effects 
rendered insignificant, if measurements are taken in different directions as 
indicated above. 


O N r L XT s i o N 

The above considerations show that the spherical symmetry method is realis- 
able practically and it rests on firm theoretical foundations. Experimental 
details of the arrangement developed in our laboratory will be communicated in 
a separate paper. 
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The method can obviously be extended to other neutron energies provided 
a spherically symmetric source of such neutrons as well as a detector which 
responds uniformly to neutrons of different energies are available. The method 
can also be extended to study the absorption processes of other radiations, iso- 
lated from their scattering effects provided suitable sources and detectors are 
available . An important extension of the process is possible in the field of gamma 
rays, where account must be taken for the degeneracy and hence the variation 
of the detector efficiency through Compton effect. Experiment along this 
line is under way in the laboratory. 

The authors wish to claim equal share in the publication of this work. 
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RAMAN SPECTRA OF PYRIDINE AND ITS SOLUTIONS 
IN ETHYL ALCOHOL AT DIFFERENT TEMPERATURES* 
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Plate Xn 

ABSTRACT. The rcvsulis obtained in the iovo.stigations on tlu* Haman sjic^etm of 
pure pyridine in the liquid and solid states and those for solutions in (‘thyl alcohol of strengths 
3S% and 5(1% in tlio liquid and frozen state's have* been discusscal. In the Hainan spectrum 
due to solid pyridine four low fn'cjueiicy lines in thi‘ neighbourh«M)d of the Jtayleigh hn<‘ appear 
at 58, 82, 97 and 137 cm In the' case of the solutions only a strong hand at 9.‘> (‘in 1 is 
observt'd. From (‘onsiderations of the similiarilies Ix'twetni tlie low frt'tjiKMiey sp('ctva diu' 
to solid pyridine and solid benz('ne at — IStr(\ it has been concluded that ihest* lini's originate 
from the vibration in small groups of associated pyridine molecules, and in the case of the 
frozen solutions the band at 95 ern-i is assigned to vibration in th<' eomplex molecnh's forinc'd 
by the combination of jiyridine molecule's with alcohol tnol(‘cules. 

Thc' changes observed in the spectra due to thc‘ singl<‘ inoleciiI(*s witfi dissolution and 
solidification also support this view. 

I N T H () O V (’ T I () N 

The Raman spectra of frozen solutions of toluene in ethyl alcohol of strengt hs 
81% and 35% and of 35% solution of benzene in ethyl alcohol and other ali- 
phatic solvents were studied recently (Kastha, 1955) to find out the influeiu^t^ of 
environment on thc nature of new Raman lines in the low frequency region ex- 
hibited by these two compounds in the solid state. In the case of the frozen 
81% solution of toluene, a strong band at 5)5 cm superposed on a continuous 
wing extending from the Rayleigh line to about 95 cm"^ was ribservefl in place of 
the discrete lines yielded by the pure substance at — 180^(X In case f>f the frozen 
35% solution of toluene the band disappears but the continuous wing up to 95 
em"^ from the Rayleigh line persists. From tliese results it was con(;luded tliat 
these lines in the case of pure toluene in t he solid state arc due to groups of toluene 
molecules formed by virtual linkages among neighbouring molecules in the solid 
state. In the case of 81% solution the groups contain molecules of both the 
solute and the solvent and the band at 95 cm"”’ is due to sudi groups. When the 
strength of the solution is diminished to 35%, these groups break up but new 
groups in which alcohol molecules surround the toluene molecules are formed 

and these produce the continuous wing. 

In the Raman spectra of 35% frozen solution of benzene in ethyl alcohol 
at the low frequency lines appear with undiminished intensity at the 

by Pi*of. (’• Sirkfli* 
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same positions as in the case of pure benzene in the solid state. From this result 
and results obtainetl with other solutions of benzene frozen at — I80°C, it was 
concluded that these lines are due to oscillation in small groups of benzene mole- 
cules which persist in solutions also. 

rt is known that benzene and pyridine have the same structure excepting 
that one of the 0-H groups is replaced by a single nitrogen atom. When the 
Raman spectra due to both these compounds in the liquid states are compared^ 
they are found to be different. In fact, the symmetry of benzene molecule 
is and that of pyridine is However, the ring frequency 992lcm"“^ appear 

in both the cases. Pyridine is slightly basic and is known to form complex mole- 
cules with many compounds (containing an OH group in contrast to the com- 
plete indifference of neutral benzene towards the hydroxyl group. 

Ichishima (1949) studied the Raman spectra of pure p3n'idine in the 
solid state at low temperature in order to account for the origin of the low frequency 
lines, observed in this case. But as the results were not accessible to us, it was 
thought worthwhile to reinvestigate the spectrum due to pure pyridine in the 
solid state and to compare with each other the low frequency lines due to both 
solid pyridine and benzene. The Raman spectrum of pyridine at — 180'^C has, 
therefore, been reinvestigated and it has been compared with the Raman spectra 
of the frozen solutiems of pyridine in an aliphatic alcohol. These results have 
been discussed in the present paper. 

E X P E fi l M E N T A L 

The arrangements for photographing the Raman spectrum of pure pyridine 
and that of solutions of pyridine in the solid state at — 180°C were the same as 
those described in the previems paper (Kastha, 1956). 

Chemically pure, water-free pyridine was repeatedly distilled under reduced 
pressure and was used in the present investigation as the solute, ethyl alcohol 
being used as a solvent. The solvent was of chemically pure quality and was 
repeatedly distilled under reducied pressure before use. Pure pyridine was sealed 
under va<nium in a cylindrical pyrex glass container. The Raman spectra due 
to the substance was photographed keeping the container always immersed in 
litpiid oxygen during the exposure. In the case of the solution of pyridine in ethy 
alcohol such solutions of strengths *38% and 56% were sealed in long containers 
of pyrex glass and were frozen by immersing the containers in liquid oxygen. 
The frozen masses appeared to be transparent and homogeneous. The Raman 
spectra due to these transparent masses were recorded in the same way as those 
of frozen solutions of toluene in ethyl-alcohol (Kastha, 1956). 

o 

A Puess glass spectrograph having a dispersion of about 11 A/mm in the 

o 

region A 4047 A and Ilford Zenith plates were used to photograph all the Raman 
spectra. 
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K E » \J L T S A N U D 1 W V U S S I o >; 

The spectrograms due to pure pyridine in the solid slate at IHO'C and of 
solutions of pyridine in ethyl aleoliol in the liquid and frozen states are repro- 
duced in figures 1-5, Plate Xll. The spectrogram due to pure alcohol in the solid 
state at — 1S0°C is given in figure 6, Plate Xll. Spectrograms slu>vving the low 
frequency lines in solid pyridine and the baud due to frozen solutions are shown 
enlarged in figures 7a, 7b and 7c, Plate XIT. 'file Raman freejuencies of [)ure pyri- 
dine in the liquid state and in the solid state at — together with those for 
the solutions in the liquid and frozen states are given in Table 1; those due It) solid 
benzene at —180^0 have also been included. for comparison. 

TABLE I. 



Solutions 

of pyridine 

in elhvbi 

alcohol* 



Liquid 

Solid 


38% ' I 


1 

Solid 

pyridine 

pyridin<‘ 

— 

— — • — 

— 


- - 1 

b<*n/,t‘iii' 

at 

at -180A’ 


Ar in cm 

1 

Ar in cm 

1 

lit ISO^'C 

in cm"i 

A*' in cm-i 

_ 

— 

— 

— . . 

- - 

Ar in cm > 




at 28 V 

at -IH0(^ 

at 28 C at 

180 (’ , 

(Sii’kar and 








Huy 1950). 

Continuous 



(biitinuous 


(5)i)t muons 


47 (1) 

wing extend - 


wing (jxb'iid- 


wmg cxt(‘ml- 



mg up to 

58 (3) 

mg upto 


mg up to 


53 (2) 

1 00 cm- J 



90 cm"' 


100 cm- ‘ 




82 (3) 





78 (.-1) 


97 (3) 


95 (41)) 


95 (tb) 

95 (lb) 


137 (1) 





134 (3) 

003 (1) 

603 ( 1 ) 

603 ( 1 ) 


663 (1) 


663 (1) 

656 (3) 

656 (3) 

656 (3) 

656 (3) 

656 (3) 

656 (3) 


095 (10) 

995 (8) 

‘194 (2) 


991 (4) 

995 (0) 

!189 (16) 




l(K)0 (1(0 

1665 (16) 

1666 (16) 

1002 (10) 


1029 (10) 

1034 (6) 

lOill (ti) 

1031 (4) 

1629 (6) 

1034 (5) 

1 171 (4) 

1219 (3) 

1208 (1) 

lilt) (3) 

1219 (3) 

1219 (3) 

1219 (3) 



1224 (3) 






1482 (3) 

1482 (2 

) 

1482 (2) 

1482 (2) 

1482 (-2) 

UH2 (2) 


1575 (3b) 

I57« (3) 

(2) 

1575 (2) 

1575 (3) 

1575 (2) 

1581 (3) 


1600 (0) 

1 ->!•.") (2) 

1.595 (2) 

1595 (2) 

1595 (2) 

1662 (2) 

2919 (2) 

2919 (2) 






2955 (I) 







3042 (2) 


3031 (2b) 





3046 (2) 

3064 (10) 

3064 (10) 

3(«i4 IIO) 

3064 (10) 

3064 (10) 

3064 (10) 

3063 (5) 

3150 (1) 

3148 (1) 







♦The Haman frequcncicH duo to tho .solvent have l)een excluded . 
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In the Raman spectrum due to pure pyridine at 28°C a strong wing extending 
up to about 100 cm~^ accompanies the Rayleigh line. However, when the liquid 
is solidified and cooled to — 180°C, the wing is replaced by four discrete lines at 
58, 82, 97 and 137 cni“^ The intensities of the first three lines are the same as 
that of the line 656 cm*-^ while the line 137 cm”"^ is weaker than this line. It can 
be seen from Table I that in the spectrum due to solid benzene at -180°C the low 
frequency lines appear at 47, 53, 78, 95 and 135 cm 1. The similiarity in the low 
frequency spectra due to these two compounds in the solid state at — J80''C is not 
surprising, for they have almost the same molecular structures. It has been shown 
by Sirkar and Ray (1950) from a study of the temperature dependence of the 
intensities of the low frequency lines and recently by the present author (Kastha, 
1956) from the study of the Raman spectra of frozen solutions of benzene, that 
these lines do not originate from the angular oscillations of benzene molecules 
pivoted in the lattice of benzene crystals but they may be due too scillations in 
very small associated groups of benzene molecules which persist even in a 18% 
solution. As the low frequency lines due to solid pyridine are almost at. the saiiuj 
positions as in the case of benzene these lines also may have the same origin. 

It can be seen from Table I that the lines 1029, 1219 and and 1575 cni“^ 
undergo changes and a new line at 3031 cm“^ appears with solidification of the 
licjuid. The splitting up of the line 1219 cm^^ into two lines and the appearance 
of the new line at 3031 cm“"^ may be due to the fact that the virtual bonds are 
formed between some of the neighbouring molecules through the hydrogen atoms 
and consequently the new lines slightly displaced from the original liries are formed. 
It may be pointed out in this connection that when regular bond is formed bet- 
ween the free electron of the nitrogen atom and the hydrogen atom of the OH 
group in alcohol, the 995 cm~^ line is accompanied by a new line (Hatem et al, 
1949). So, when only a weaker virtual bond is formed no such change is expected, 
but the lines due to vibrations in which those atoms are involved are affected 
appreciably. The changes observed in the case of frozen solutions and discussed 
later also corroborate this view. 

It can be seen in the spectrograms due to 38% and 56% solutions of pyri- 
dine in ethyl alcohol in the liquid state that the continuous wing extends upto 
90 cm**^ to 100 cm“^ respectively, from the centre of the Rayleigh line. In 
the spectra due to the frozen solutions of the above mentioned strengths (figures 
7b and 7c) this wing and discrete low frequency lines found' in the spectra due 
to solid pyridine are absent and they are replaced by a moderately intense broad 
band at 95 cm~^ On examining the spectrum due to solid ethyl alcohol at 
— 180®C (figure 6) neither any band nor any continuous wing is observed in the 
neighbourhood of the Rayleigh line. Hence the band at 96 cm“^ observed in the 
spectra due to the solutions at — IfiC^C cannot be due to vibration in the ethyl 
alcohol lattice. The appearance of such a band in the spectra due to frozen solu- 
tions of toluene in ethyl alcohol was observed previously (Kastha, 1966) and the 
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band was assigned to vibration in toluene-alcohol complex. Therefore, it can 
similarly be concluded that the band at 95 cm“^ may originate from vibration in 
groups of complex molecules formed between pyridine and ethyl alcohol molecules. 
The disappearance of the other discrete lines is evidently due to the dissolution 
of the groups containing pyridine molecules alone in the solutions of pyridine 
in ethyl alcohol. 

On examining the spectrograms due to 38% and 56% solutions of pyridine 
in ethyl alcohol at 28® C it is found that the liitte at 995 cm-^ due to pure pyiidine 
becomes much weaker than the line at 1029 otn~^ and a strong new line at about 
1000 cm""^ appears in both the cases. This was first observer! by Hatem et al 
(1949). From a study of the Raman spectra of solutions of pyridine in ethyl 
alcohol in the liquid state at gradually diminishing strengths, they observed 
that the line at 992 cni”^ becomes fainter in comparison with the line 1028 cm*“^ 


as the concentration of pyridine in the solution is dcrTeasc<l and finally vanishes 
when the ratio of pyridine to ethyl alcohol becomes I : 5. On the other hand, 
the line at 1002 cm”^ attains a maximum of intensity when the concontration 
of pyridine in ethyl alcohol is in the ratio I : 1. From these results they e.oncluded 
that complex molecules between pyridine and ethyl alcohol molecules are formed 
probably through the nonbonding eJei^trous of the nitrogen atom. 

From a comparison of spectrograms due to frozen solution of strength 38% 
and 56% (figures 3 and 5) M'ith those due to the solution at room temperature 
it is seen that the line at 995 cm'^ disappears and the new line at 1060 cm*-’ 


res- 


observed in case of the solutions at 28“C shifts to lOOf) cra-> and 1002 cm- 
pectively when the solutions are frozen and cooled to -ISO^C. So, m the 
solution at 2S"n some of the pyridine molecules arc not associated with alcohol 
molecules, but in the solid state all of them are linked to the alcohol molecules. 
Thus solidification accelerates the formation of the bonds between the pyndme 
and alcohol molecules probably due to the fact that the molecules come closer 
together in the solid state. The lino 1029 cra-> due to the solution at 28 C also 
shifts to 1034 cni-i „.hen the solution is frozen aiul cooled to - 180°C. rius shows 
that the ring of any molecule is attached to that of a neighbouring molecule at 
other points in the ‘ring so as to change this particular ring frequency The line 
1676 cm-i due to the pure liquid splits up into two components at 167.> and l.>95 
cm-i in case of the solutions but the intensities of the two lines become equal when 
the solutions are frozen. This may be due to the fact that this line corr^ponds 
to the mode in benzene molecule and that the two components of the degen^ 
rate mode which give rise to the line 1676 cm-» in the benzene molecule separate 
out from each other when the complex is formed by pyridme module with alco- 
hol molecules. In the case of the concentrated solution the line 1675 cm- due te 
the free pyridine molecules is superposed on the two lines due to the ^mp^ex 
molecule and therefore, the line 1575 om-^ is more intense in this ease than the 


line 1595 om“^. 
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111 case of the crystals of pure pyridine no such complex is formed, but only 
weak virtual bonds are formed between neighbouring molecules. So, such split- 
ting of the 1575 cnr' line does not take place in the case of pure pyridine but the 
faint line at 1600 cur' observed in this case may be due to a combination fre- 
' uency (603-|-995) cnr'. 

These conclusions are also supported by the results olitainod by Banerjee 
(1956) who studied the ultraviolet absorption spectra of pure pyridine in the 
liquid and solid states, tie found that the first of the two systems of bands corres- 
ponding to n-^n* and transitions which have been observed in the absorp- 
tion spectra due to pyridine vapour by previous workers is absent in the absorp- 
tion spectra obtained in case of pyridine both in the liquid and solid states. Th(' 
results have been explained by him on th<! assumption that in the liquid and solid 
states the pyridine molecules form virtual bonds through the nitrogen nonbond- 
ing electrons and hydrogen atoms of the neighbouring molecules. 

Thus the results obt ained from a study of the Kaman spectra of pyridine in 
tlic liquid and solid states and also in the liquid and frozen solutions of ethyl 
alcohol furnish strong evidences to show that pyridine molecules form associated 
groups in the solid state which give rise to four lines in the low frequency region 
and complexes with alcohol molecules are formed in the frozen solutions which 
produce a single band at 95 cm~'. 
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ABSTRACT. Oirac has shown timt tho spin of tho olortron a of tlio 

Hamiltonian; that is why th(‘ hopoikI orcior (*(|uatioA of a fivt* cloctmii dors not show ils spin 
characteristics. However, when the elect rom».c:m^ti^ interactions arc jnirodiiceil in 1 lie Dime’ 
equation and we go over to the siicond order ecjuatioti, we find that the latter sliows the exis- 
tence of spin by giving the correct inagnidiidc* of th^nnignetic moment o\ tlie (d(‘clion. 'Fhe 
second order e(|uation derived from Dirac equationniaving onlv tlic UonlomI) field contains 
cm-tain spin terms. The ('valuation of thes(‘ terniH^ it is sli 'wa hen*. Ic ids lo Sommcrlcld s 
tine structure and they taki* the place of Thomas spm-oibit niP'ract ion as introdiieed 
by Pauli. 


The Bohr model of ati electron moving in a Coulomb field in circular orbits 
explains the spectrum of hydrogen in general tonus but fails to interpret the fine 
structure of the lines. Soramerfeld’s oxtensiou of Bohr motb*! to in<-lude elliptic 
orbits does not add any Jiew energy levels; for a given total (juantum number 
11, the energy levels of the possible elliptic orbits e()inci(l(> with that of the circulai- 
orbit for the same n. However, if the electron moves according to the laws ol 
special theory of relativity rather than that of Newtonian mechanics, the energy 
levels depend on the elliptieity of the orbit whi('h enabled Soinmerleld to explain 


correctly the fine structure of hydrogen lines. 

The Schriidinger’s theory of the hydrogen atom gives the same results as 
were obtained by Sommerfeld from Newtonian me.-hanies. Taking the Mem- 
Gordon equation which is the relativistic analogue of the Sehriklinger equation 
Sommerfeld obtaineil a fine structure formula which -lifters slightly from his 
earlier relation deduced from the old quantum theory, this quantum inechaiiieul 
formula which takes into account the relativity effect does not agree with the 
experimental findings. 

Dnrins thl. time tho icle. of «nmui|! eleitron |i..«liileteil by (hm.femit 
»n(i IJhlenbeck. Followin* the «»®eMioii of Thomas 

do<«i a spin-orblt tatoraction term in .Sehr.Klin«er » e,,„at,„„ a,,< obtamod 
correetion to the enerpy level, da. to spinonlyi thi. atao .U»«irc 
mental otaervationa. Howeyer, if »e add the rorreet.o,,. doe to .eWv^ 
(Sommetfeld) and .pin (Pauli) we obtain an expre«ion wlneh win*, with . 
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correct fine-structure formula in the first approximation. However, Dirac’s 
linear equations which incorporate spin and relativity effects in an inseparable 
way and lead to the exact formula for the fine- structure. 

The second order equation of Schrodinger’s form obtained from two first 
order Dirac equations shows certain additional terms in the expression for the 
interaction besides those which appear due to relativistic effects in Klein-Gordon 
equation. These extra terms are due to spin and thus the effects of spin and re- 
lativity are separately shown in the interaction. The author calculates the energy 
(correction for hydrogen levels for spin from these terms and obtained an ex- 
pression for fine structure which to a first approximation agrees with Sommer- 
feld’s formula. 

D E K I V A T 1 () N O F SOMMER F E L \r S F (> R M U L A 

Dirac’s wave ec^uation (1928) which is linear in time differential and in- 
variant under Lorentz transformation, describes an electron by four wave func- 
tions ^ 2 , ^3 and x/fj. Darwin (1928) has obtained a solution of Dirac 
equation for scalar potential F(r) which is a function of r only and zero vector 
potential. The radial parts of the solution for r/r, denoted by F and G, satisfy 
simultaneous differential equations of’ the form 

«■?’/+ ••• 


dF I I I "4" 2 

-w+sr + T 


(lb) 


where 


a 


W—V 


and p ^ 


IT-F-mc2 


As the energy of the electron involved is very much less than the rest energy, 
Fi which represents the radial part of the solution for and ^2 contributes 
very little to the solution. Eliminating Fi from (la) and (Jb), we have, 


dr* \ r 



V+1)^ I 


r 


cx! 

CL 


} «,= 0 


(2) 


Substituting ff/ 


Va 

r 


f// in the 


equation (2), we get 


dr* 



^2 



( 3 ) 


where 
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and 


t7(r) = 


2WV , F* ^1 a' 

%2ci r a 


3 

4 



2 

1 a" 

2 a 


(3b) 


A similar equation for may bo obtained by replacing / by — (/+l). 

The equation (3) reduces to the Klein-Gordoii form if , (i' and “ 

a \ a / a 

are neglected and further if ^ or F ^ mc^ the Klcin-Gordon equation 
reduces to the Schrddiuger form. Since the Klcin-Gordon equation takes special 
theory of relativity into account and since the first two terms of (3b) are present 
in Klein-Gordon equation, the last three terms represent the eontrihiition due to 
spin only. We now calculate the contributions of these three terms to the energy 
levels of the hydrogen atom and examine to what extent this contribution along 
with en~rgy eigen values given by Klcin-GorA)n ecpiation represent experimental 
data. 

Let us denote U, (r) to represent the above mentioned three terms. 


Therefore, U,(r) 


/+! a' 3 /a'\* 1 a" 


a 


(a'l* 1 a' 

\a / ^ 2 a 


... (4) 


/ \ / ^ Y 

Tir T> I 9 4 f Wf 1/ I - 


2ae* 


"r iF-F+mc*-^ [W-V+m,c^)^^2 If ~ F+wr* 


ze^ 


l+i 3 




zH 




2e- 


W~V+mc^ r* 4 \ (W - V+mc^)r^, 

Neglecting the second term and in the approximation W' — V we have, 

Ize^ 


71 ^ ~ L 

* 2mc* ‘ 


. rv I ze^ I \ 

Energy due to spm E, ^ 2m\2m(^ r^ } 

Average value of this energy 

E, = (-) 2.2m*c2 \jj>} 

zem _2« 

~ ^ ^ 2.2»w*c*' «*n®t(l+ 5 )(i+I) 

JBAca* , , Rhea* 


(6) 


= (-) 


2n*{l+^){l+l) 


Rhca*\_!L^_ «.] (gx 

= (-)-;r*“U+l l+\\ '' 
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where 


a = Bohr radius = 


me^ 


and a — e^/fec 


We know that the (jorrection term for relativity obtained from Klein-Gordon 
equation, which of course means our equation (3) with first two terms in the ex- 
pression for U(r), is given by 


Ern - (-) 


Rhcon? 


n 




... (7) 


The energy for the Baliner term may also be obtained from our equation (3) by 
introducing non-relativistic approximation and it is given by 




Rhc 


( 8 ) 


Hence sum of the energies represented by (6), (7) and (8) gives us the energy value 
of the various levels, thus 

Enl = + Effl + 


Rhc 

RhcoL^ ' n 

3 - 

Rhca.^ 

■ n 11 ■ 


■n* L *+5~’ 

4 ^ 

n* 

.i+r~ i+\ . 


j^c Rhca^ r w. 3 1 

"" {_ i_^i -- 4 J ••• I ; 

As already mentioned a similar formula may be obtained by substituting — (/-f 1) 
for I in the expression for U(r) or 

SommerfeUrs formula when expanded and terms involving higher powers 
than are neglected gives exactly the equation (9) and it explains the energy 
levels of spectral lines in the visible region. 

I) I St^USS I ON 

The last three terms of equation (3b) which appear in the potential energy 
term are regarded as taking into account the spin effect; they depend on the 
first and the second differential of the potential energy rather than on the 
potential energy, whereas the relativistic terms depend on the kinetic and poten- 
tial energy. It appears that equation (3) reduces to the Klein-Gordon form. The 
energy correction terms due to spin and relativity (c.f. equations (6) and (7)) have 
the same coefficient which indicates a close relationship between spin and rela- 
tivity. The influence of spin (for states of Z > 0) is to split up the Bohr energy 
level into tw^o levels — one higher and the other lower than it; the effect of relati- 
vity is to bring down both such levels from the Bohr level. In Dirac’s equation, 
the spin comes as a consequence of the linearization of the Hamiltonian, the present 
paper shows that even if we make a second order equation from the first order 
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e(|uation8, the spin terrns retain their form, though in a different way and give 
correct energy levels. These spin terms occurring naturally in the second order 
equation take the place ol the externally introduced spin-orbit interaction due to 
Thomas. The Thomas term contains only the first differential of the potential 
energy, where as ours includes both the first and second differentials. Pauli’s 
treatment of the spin-orlut interaction has an ambiguity for / = i). our method is 
free from it. 
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Plate XIII 

ABSTRACT. The Kamaii spectra of C«H 5 .COCH 3 , and CflHg.CHt; 

in th(' liquid and in the solid state at different low temperatures have been investigated and 
the results ha\T' been compared with the available data on the ultraviolet absorption spectra 
of the substances obtained under similar (*ondit-ions. Acetophenone jiroduees four new lines 
at 34, 50, 83 and 94c*m J respectively in th<? solid state at - 90^C, while phenetole gives rise 
to a single now line at 96cm*^ when the siibsianee is solidificnl and cooled to -- 90°C. With 
lowering of temperature to —189''^^, the low-frequency lines of acetophenom* bocome sharper 
and the two lines at 83 and 94 cm-i shift to 80 and 96 cm-i respoidively, while phenetole, 
under a similar change of temperature, gives rise to a second line at 83 cm~i. Amongst the 
intramolecular lines, some of the lines due to C-H oscillations in botli act‘topbonono and phene- 
tole undergo some changes with change from liquid to solid phase. 

Contrary to the case of the above two substances benzaldehyde does not produce any 
distinct line in the low frequency region when this compound is solidified, but instea dit gives 
rise to a foolile continuous wing extending upto about 100 cm- 1 from the Rayleigh line. 

Attempts have been made to interpret these results. 

1 N T R 0 D U C T 1 0 N 

The Raman spectra of a few monosubstituted benzene compounds in the 
solid state at low temperatures were studied by Ray (1950; 1951; 1952) and Biswas 
(1965). It was observed that the number, intensities and positions of the low- 
frequency lines are different for the different compounds, and they depend on the 
nature of the substituent group. Further, it was pointed out (Biswas, 1966) 
that m the case of methyl and ethyl benzoate the changes in the ultraviolet ab- 
sorption spectra with change of state of these compounds furnish useful information 
I'egarding the appearance of low frequency lines in the Raman spectra of these 
substances in the solid state at low temperatures. . 

The compounds mentioned above have simple substituents excepting ethyl 
benzoate* The Raman spectra due to the solid phase of monosubstituted 
benzenes which have comparatively long and complicated substituent groups 
attached to the ring were not investigated by any previous worker. As the study 
♦Communicated by Prof. S. C. Sirkar 
680 
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of the Raman spectra of a few such moriosubstituted benzenes in the solid state 
and a comparison of the results with the available data on their ultra violet absorp- 
tion spectra obtained under similar conditions might throw more light on the ori- 
gin of these low-frequency lines, the Raman spectra of acetophenone, phenetole 
and benzaldehyde representing three different types of substituted benzenes 
have been studied in liquid and solid states ami the results for two of these com- 
pounds have been compared with those for the ultraviolet absorption spectra 
studied under similar conditions by previous authojs. 

E X r E K I M E N t A E 

The liquids acetophenone and benzaldehyde used in the present investigation 
were procured from R. Merck and phenetola was supplied by Fisher ftcientitic 
& Co. U.S.A. They were distilled in vacuum as usual before being introduced 
in pyrex glass containers in which these substances were sealed and exposed to 
the incident radiation from a nu^rcury are. The technique and the experimental 
procedure for recording the Raman spectra of these substances in the solid state 
at different low temperatures wore the same as described earlier (Biswas, 1054). 
The spectra were photographed on Ilford Zenith plates using a Fuess glass spectro- 

graph of dispersion of about 11 A per mm. in the 4t>4B^ region. On each spec- 
trogram, iron arc spectrum was fihotographed for comparisoi^. 

RESULTS AND DIS(M SSIONS 

The Raman shifts observed for the three substanres in the licjuid and soJid 
phase at different temperatures are given in Tables I- -111. Some available data 
on the Raman spectra of these substances in the li.jui.l phase as reported by eai- 
lier workers are also included in these tables. The lov -frequency spectrum o 
acetophenone in the solid state at-tK»"C and respectively enlarged about 

four times are reproduced in figure I, Plate Xfll. 


Acetophenone' 

When this substance is solidified and cooled down to -»<> 0, lour new nws 
at 34, 50, 83 and »4 cm- respectively appear in the low-frequency ^11 

these lines are quite intense and the two lines at 83 and 94 '“'J" ^ j 

the temperature on the solidified mass is lowered to ^-180 
become sharper and the components of the pair at 83 and 94 ^ 

96 cm- resnectivelv Tn order to understand the onpm of these h ies m aceto 

pto-one, it would be iutew^rtinp t, oen,p.« the ehenpe, 

EL™. ol»«w.d in the ulteeviolet .b..rplion epeetoof the .nbeto^^ neM^oll 
„,idae.t^n of the 

Bed «d cooled do™ to - TO V ‘Je ^ 

in place of the first iwepeelivelv are recorded in the apeetto. 

bands at 34170, 35249 and 36315 cm respectively 
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gram due to the solid phase. Evidently, these three bands coalesce into one in 
the case of the liquid due to increase in the width of the individual bands. More- 
over, the results given by the above author show that the v^^-band as a whole 
shifts towards longer wavelength side bv about 500 cm“^ with change from liquid 
to solid phase. Deb concluded that these changes on the absorption band with 
solidification are brought about as a result of intermolecular association amongst 
the molecules of the substance in its solid phase at low temperature. 

Such association restricts the freedom of angular oscillation of the molecules 
about their axes and makes the bands sharper. The appearance of strong low- 
frequency lines in the Raman spectra due to solidified acetophenone both at 
90°C and — -180°C can be attributed to this phenomenon of intermolecular 
association in this substance. This case of acetophenone is very much similar 
to that of methyl benzoate described earlier (Biswas, 1955). 

Amongst the Raman lines due to the sincrle molecules of the substance the 
broad line at 162 cm”^ appears to shift to 166 cm~^ and the line at 1681 cm"^ 
to 1675 cm”"^. Moreover, the line at 3063 cm“^ due to 0-H stretching oscillation 
appears to become stronger and the line 2920 cm~^ weaker when the substance 
is solidified and cooled to low temperatures. The two other lines at 2966 and 
3007 cm~^ respectively due to 0-H vibration seem to merge into one another 
to produce a line at 2998 cm~^ in the solid state. These (changes may indicate 
that the association takes place mainly through these hydrogen bonds. 

Phenetole : 

When phenetole is solidified and cooled down to -90®C a new Raman line 
appears at 96 cm~h When the temperature is further lowered to —180^0, this 
line shifts to 99 cm~^ and another comparatively weak line appears at 83 cm~^. 
These results on the lf)w-frequency spectrum of phenetole can be correlated with 
those on the ultraviolet absorption spectra of the substance obtained by Deb 
(1953) in the solid state at - 180°r. He observed that the absorption bands of 
phenetole become sharper in the solid state at 180'^C, but their positions are 
not appreciably altered with change from liquid to solid state. The diminution 
in the width of the bands is due to the restriction on the angular oscillations of 
the molecules which is brought about probably as a result of the formation of 
virtual linkages amongst the neighbouring molecules in the crystal lattice of the 
substance. The appearance of low-frequency Raman lines in solidified phenetole 
may be attributed to the oscillations of the molecules connected through these 
virtual bonds. In this particular case at — 90°C, the molecules may not be linked 
to each other at more than one point, but at — 180®C new linkages may occur 
giving rise to the line 83 cm~^. As the substituent group is rather large, the 
phenyl group is not surrounded by other phenyl groups in the lattice and there- 
fore the virtual linkages formed at particular points of the molecule do not affect 
the excited electronic state of the molecule appreciably. 





PLATE XIII 



Lou frctjuriKU kanian spcdruin of acdophniono 
(a) Solid al ■ iHo C ; (h) Solid at aI)out -qo (! 
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TABLE I 
Acetophene 
A V in cm~^ 


Liquid 


Murray etal (1942) Pre^sent .lUtlior 


Continuous win/a: 
rtxtendinfif upto 
Hbout 119rm-* 


Solid (Presont author) 

At about -90^C At - 180'=‘C 


165 i6h) 
371 (3) 
404 (0) 
4H1 (0) 
588 (3) 
617 (5) 
732 (6) 
767 (2) 
852 ( I ) 
896 (O) 
958 (3) 
1002 ( 10 ) 
1027 (6) 
1076 (6) 
1161 (4) 
1180 (3) 
1267 (7) 
1301 (0) 
1427 (1) 
1447 (1) 
1493 (3) 
1597 (10) 
1684 (10) 
2921 (6) 
2967 (2) 

3006 (2) 
3066 (10) 
3187 (1) 


162 (6b) 
371 (2) 

467 (0) 
589 (1) 
617 (4) 
728 (5) 
755 ( I ) 


955 (2) 
999 (10) 
1023 (4) 
1077 (5) 

J 154 (3) 
1181 (1) 
1262 (5) 


1443 (0) 
1491 (2) 
1595 (12) 
1681 (10) 
2920 (5) 
2965 ( 1 ) 
3007 (1) 
3063 (6b) 


84 3) 
jo (3) 
83 (4b) 
!»4 (4b) 
\m (4b) 
j71 (lb) 


617 (2) 
731 (3) 


955 (0) 
999 (7) 
1023 (3) 
1081 (3) 
I 154 (I) 

1262 (4) 


1491 (0) 
1595 (8) 
1675 (7) 
2920 ( I ) 

2998 (2) 

3063 (7) 


34 (3) 
50 (4) 
80 (3) 
96 (5) 
166 (4b) 
371 (lb) 


617 (2) 
731 (3) 


955 (0) 
999 (7) 
1023 (3) 
1081 (3) 
I 154 (1) 

1262 (4) 


1491 (0) 
1595 (8) 
1675 (7) 
2920 ( 1 ) 

2998 (2) 

3063 (7) 
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TABLE II 
Phenetole 
A V ill cni-i 


Li({iiic] Solid (Present author) 



At About — 90“r 

At -180^0 

(Continuous wirif; 
extending: upto 


83 (2) 

ehniit I 1 4 em * 

90 (3) 

99 (3) 

177 (2) 

177 (0) 

177 (0) 

241 (3b) 

241 (Ob) 

245 (Ob) 

348 (5) 

348 (2) 

348 (3) 

429 (3) 

429 (1) 

429 (2) 

r>sr> (1) 

— 


(114 (3) 

014 (0) 

014 (J) 

7«2 (2) 


702 (0) 

799 (5) 

799 (2) 

799 (3) 

923 (2) 

923 (0) 

923 (0) 

99S (10) 

998 (0) 

998 (8) 

102<S (5) 

1028 (2) 

1028 (3) 

I 117 (2) 

1117 (1) 

1 J 17 (1) 

1 ir>S (3) 

1 158 (J ) 

1 158 (2) 

124r> (4) 

1245 (2) 

1245 (3) 

I4r)i (1) 

1451 (0) 

1451 (0) 

1490 (O) 


- 

1589 (4b) 

1587 (2) 

1587 (3) 

1599 (6) 

1599 (2) 

1599 (3) 

2884 (2) 

2884 ( 1 ) 

2884 (1) 

2937 (6) 

2932 (2) 

2932 (3) 


— 

2977 (1) • 

2980 (3) 

2986 ( lb) 

2980 ( 1 ) 

3005 (8b) 

3003 (6) 

3003 (8) 


3074 (7) 

3074 (9) 
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TABLE IIT 

Benzaldehyde 
A V ill em~i 


Liquid 


vSolid (Proscnf autho?') 


Magat (]9^?f)) 

Prosent authoi 

At about — 105' 

At -ISO'C 


Feeble wing 
extending iipto 
about 95(*m-i 

Feeble wing 
extei^ding ui> to 
about 100em~i 

Feeble wuig 
extending upto 
nbout 100 1 

137 (lOh) 

134 (4b) 

i,34 (Ob) 

134 (Ob) 

234 (6b) 

238 (.3b) 

S38 (lb) 

2.38 (lb) 

439 (S) 

435 (5) 

435 (2) 

135 (2) 

61.3 (H) 

605 (5) 

605 (2) 

605 (2) 

640 (4) 

652 (2) 

652 (0) 

652 (0) 

74.5 (1) 

747 (0) 

— 


S27 (6) 

826 (5) 

826 (3) 

826 (3) 


850 (0) 



1000 (If)) 

1000 (9) 

1005 (6) 

1005 (6) 

1022 (4) 

1020 (1) 

1020 (0) 

1020 (0) 

1164 (12) 

1167 (7) 

1167 (4) 

1167 (4) 

1201 (12) 

1200 (8) 

1207 (..) 

1207 (5) 

1390 (3) 

1.380 (2) 

1389 (0) 

1389 (1) 

1456 (3) 

1459 (1) 

1459 (0) 

1459 (0) 

1492 (3) 

1490 (1) 

1490 (0) 

1490 (0) 

1.595 (15) 

1.594 (12) 

1.594 (8) 

1.594 (6) 



165.5 (2b) 

1665 (1) 

1665 (1) 

1696 ±13 (151)) 1701 (12b) 

1701 (8b) 

1701 (8b) 

3060 (4) 

3062 (7b) 

3062 (5b) 

3062 (5b) 

Continuum 

- 

“ • 


4358-4816 A 


. _ 

- 


With solidification of phenetole no other intramolecular oscillations except 
those due to the O-H oscillations undergo any appreciable change In the case 
of the Raman lines due to C-H stretching oscillation however the broad line 
due to the liquid at 3066 cnr^ is replaced in the solid state by two intense 
Unes at 3063 and 3074 cm- respectively. Moreover, a comparatively weak 
line appears at 2977 cm ^ when the solid is cooled to -180 C. These changes 
in the Raman lines due to C-H oscillations indicate that these hydrogen atoms 
are mainly responsible for the intermolecular interaction in the solid state of 
this substance. 
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Benmldehyde\ 

Tn the solid state at low temperatures, benzaldehyde does not exhibit any 
distinct Raman line in the low-frequency region, but a weak and continuous wing 
extending upto about 100 cm“i on the longer wavelength side of the Rayleigh 
line appears to be superposed on the feeble wing which is present in the spectrum 
of the incident light. The wing accompanying the Rayleigh line due to the liquid 
is weak in comparison with such wing observed in other ordinary substituted 
benzene compounds. Thus it appears that when the wing due to the liquid is 
feeble, the new Raman lines of the low-frequency region are also very weak. The 
neighbouring molecules of benzaldehyde probably get associated in the liquid 
state through the OH virtual bonds and these associated groups being large, the 
wing due to the liquid phase is weaker. This happens because (1) the phenyl 
groups of adjacent molecules cannot come close together and (2) the associated 
groups being large the rotational freedom is restricted. Tt is presumed that the 
contribution to the intensity of the wing comes partly from oscillations in closely 
packed groups of the adjacent benzene rings in the liquid and also from the rota- 
tion of the single molecules. 

Amongst the lines due to intramolecular oscillations the strong line at 1000 
cm’ ' due to the liquid phase shifts to 1005 enr"^ when the substaiuie is solidified 
and cooled to low temperatures. It is observed from the data given by Magat 
(1936) that some previous authors have reported the existence of a continuous 
background in the visible region in the Raman spectrum of benzaldehyde in the 
liquid state. It is, however, observed in the present investigation that when 
the incident light is filtered through a dilute aqueous solution of NaNOg, the con- 
tinuous background in the visible region is completely absent. The presence of 
the continuum which was reported earlier may, therefore, be due to fiuorescence 
excited in liquid benzaldehyde by the ultraviolet light of the incident beam. 
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THE CRYSTAL STRUCTURE OF ANTHRACENE AT 
DIFFERENT TEMPERATURES* 

G. S. R. KRISHNA MURTI 

()prf('8 Dkpartmbnt, Indian Association for thk Oultivvtion of S< ifn< f, 

.Fapavpitu, Calci,ti'a-32 

{Recpiveri ;for pMication, June 16. 1656) 

Plate XIV 


ABSTRACT. Tho crystal structure ol tuithrticcno al ~1H0 C\ IV2 C, 55 (' tuid 
has been investigated by studying the Dcbyc-Scherrer patterns. Tt is found that at a 
tomperaturo of about — IHO^C the dim(*nsions of the unit (‘(‘11 are given by n S.517 A.U., 
h •= 6.000 A.U., r = J 1.000 A.U. and P 12r)''10'. Ttu'so viiIuch a, h ami r lioiiiK sliphtly 
lower than those at the room tom{>erature. Tht* im'iin v^ahio.-. of at, and ac. fla* ('<»ofl(i<‘i(*ntH 


of expansion along the three crystallographic axes a. b and c r(‘a|)crf ivcly arc lound to be 
TV.ri X lO-o, 27..f)2xl0-« and 31.05 sli)-« respectively. The dimeusioris of the unit cell 
of the crystal al SOT are a =- S.606 A.U..5 ^ 6. 1.50 A.l'., c ■ 1 1 .310 A.U. ami // - 124'28'. 
It appears that the coefHcieiU of expansion is low upto about 5r. <’ but n (enfold merense 
m the values takes |.laoe in the rang.- from .55 C to SO' ('. The values for o„. aft ami a^ in 
the range from 32T to SOT are 32.55 X lO-'' 30.36vl0-:. and 27.45' 10 respectively. 


I N 'I' K O n U 0 T I o N 

The crystal structure of anthracene was first determined by Bragg (192.4) 
by the X-ray reflection method who obsert^ed that the crystal belongs to a space 
group C® 2 a with the unit cell dimensions, a = 8..58 A.U.. h = ().(»2 A.U., r = 1 1.18 
A.U. and /i = 12.'>°. The space group was confirmed by Banerjec ( 1 9.40) w to 
studied the Debye-Scherror patterns and the rotation photographs due to t le 
crystal. The structure was determined more accurately by Itoberlson (1.133 
employing the double Fourier series method and by Mathieson. Robertson and 
Sinclair (1950) by the triple Fourier series method. These authors repor e< ^ e 
same space group for the crystal, but .slightly different unit cell ^imenBions^ The 
values given by them are u ^ 8..5fil A.U.. 6 =. 6.0.36 A.U. . 11.163 A.U. 

and P = 124“ 42'. 

The mean values of coefficients of expansion a^, and 1 X 33 over the 
20° to — 195°C were reported by Kozhin and KitaiGorodsku (1953) to je .1 
Xl0-», 13.4x10-0 and 20.3xl0-» respectively. They reported the unit cell 

dim.n.io„. a 20»C « a - 8.544 A.U., 6 = 6,023 A.a, e = “ >« ^ f ^ 

124* 42' ».d .t-185-C « > 8.441 A.U., b ~ 6,006 A.C., c = 11.08 A.C. .nd 

* Communicated by Prof. S. C. Sirkai. 
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ft = 125^ 35'. So there is no change in the lattice of crystal in the temperature 
range from 20‘'0 to — 195°r. 

It is known now that the lattice of p-dichlorobenzene changes when the 
(crystal is heated to about 45'^C. It was thought worthwhile to find out whether 
the structure of anthracene remains unaltered or changes above room tempera- 
ture. The Debye-Scherrer pattern of the crystal was therefore studied at 55®C 
and and also at - 180°C in order to compare with each other the structures 
at these temperatures. 


K X TMO U I M E N T \ L 

Anthracene used was of chemically pure quality supplied by J. T. Baker 
Chemical Co., U.S.A. The substance was powdered well in a mortar and packed 
inside a glass tube of diameter 0.7 mm and the Debye-Scherrcr pattern was photo- 
graphei at different temperahire.s. The methods for keeping the powder at the 
temp3ratiir3 of liquid oxygen and also at temperatures higher than 32®C were 
the same as those described by Krishna Murti and Sen (1956). 

A Seifert X-ray tube running at 26 ma, 32 kV was used to photograph the 
patterns. An exposure of about 2^ hrs was sufficient to get the pattern recorded 
with moderate density. The rings obtained were sharp since the diameter 
of the sample was about | nun. The X-ray tube was provided with a cof>per 
target and a nickel filter was used to cut off the Kft wavelengths. Two eylindri- 
(jal cameras were used and the radii of the cameras were measured accurately by 
taking the Dehyc-Scherrer pattern of rocksalt. For the high temperature camera, 
the distance from the film to the specimen is 2.84 erns and for the low tempera- 
ture and room temperature camera, it is 5.25 cms. Several photographs under 
the same (ronrlitions wore taken for each specimen to test the genuineness of the 
results. Spaeings were calculated from the diameters of the Debye-Scherrer 
rings which were measured correct to about 0.1 mm. 

K E S U L T S AND D I 8 C 0 8 S I O N 

The spaeings deduced from the Debye-8cherrer patterns due to the crystal 
at different temperatures mentioned above are given in Table I in which the 
spaeings calculated from the data of Mathieson, Robertson and Sinclair (1950) 
are also included in the first column for comparison. The intensities of the 
ring are recorded as very strong (vs), strong (s), medium (m), weak (w) and very 
weak (vw). Some of the representative photographs of the Debye-Scherrer pat- 
terns obtained under different conditions are reproduced in Plate XIV. 

It can be seen from Table I that the spaeings observed for the crystal at 
room temperature (32®C) agree fairly well with the spaeings calculated from the 
data given by Mathieson, Robertson and Sinclair, (1950). The assignment of 
indices to the planes was made by taking the structure factors of different planes 
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TABLE I 

Spacingw of crystals of anthraceiu' 


From the data 
of Matiueflon, 
Hobertson & 
Sinclair (1950) 


Plaiif’H Sf )af inu'- 


at 32"(^ 


I'rcflcrd Invest igati'ii 


at at SO^^C at 


180 


Fooltnl to 
180‘(’ and 
brought hack 
to 32 


001 

0. 128 

0. 120 w 



*0.083 vw 

0. 

1 20 

101 

8.318 







100 

7.04! 







010 

6 . 036 







102 

5 . 526 







on 

5 . 034 


, 





111 

4 . 885 

4 . 888 w 

1.888 v\v ' 

*1 077 vw 

*4 . 867 \ w 

1 . 

888 w 

1 10 

4.581 

4.577 \s 

1.577 vs 

*4 . (>66 vs 

*4 . 557 vs 

1. 

, .577 w 

002 

4 . 564 







101 

4.478 







201 

4.170 

4 . 1 84 s 

4 . 1 84 8 

* 1 . 244 < 

*4. 144 s 

1 

184 s 

202 

4. 150 







112 

4.076 







103 

3 . 65 1 







012 

3.611 







1 1 1 

3 . 506 




3.400 s 



200 

3.520 

3 . .525 s 

3 525 s 

3 . 584 s 

3 

. 525 s 

203 

3 . 483 






.440 s 

211 

3.436 

3.440 s 

3.140 s 

3.104 s 

3 . 4 1 0 H 

3 

104 

3.340 







102 

3.107 







003 

210 

3 . 043 

3 . 040 

3.042 s 

3 012 s 

*3.001 s 

*3.018 K 

.3 

. <M2 s 

020 

3.018 







113 

021 

2.868 

2 . 866 

2 . 866 w 

L» 866 vw 

*2 . 025 vw 

*2.848 vw 

2 

. 866 w 

121 

2 . 836 







201 

120 

2 . 704 
2.774 

2.777 w 

2 777 v\v 

*2 . 825 vw 

*2.750 vw 

2 

.777 w 

204 

2 . 763 







112 

2.761 







013 

2.717 







301 

2.672 







211 

2.535 







022 

2.517 







121 

2 . 503 







22l 

311 

2 . 446 
2.443 

2 . 4 14 m 

2.444 m 

2 182 m 

2 428 w 


1 . 444 m 

114 

2.433 







103 

2.348 







300 

2.347 







220 

004 

2.201 

2.282 

2 . 280 \v 

2 280 vw 

*2 333 vw 

2 268 w 


2 . 280 w 

202 

2.230 







205 

2.217 







113 

2.180 







310 

2.187 







122 

2.165 







oTi 

2.134 







212 

2.002 







105 

2.078 
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TABLE I (CorUd,) 


From the data 




of Mathieson, 


Present Investigation 

Robertson & 



Cooled to 

Sinclair (1950) 



-ISO'^Cand 

anes 




-brought back 

Spacings, 

at 32^C 

at 55°C 

flt 80°C at — 180°O to 32°C 

221 

2.050 

2 . 052 mw 

2 . 052 mw 

2.080 vw 2.035 

224 

2.03S 



(brood) 

301 

2.015 




030 

2.012 




321 

2.001 

2 . 004 vw 


1 . 987 vw 2 . 004 vw 

031 

1.964 

1 . 968 vw 


1 . 968 vw 

I3f 

1.956 




130 

1.934 

1 . 9.30 vw 


1 . 922 vw 1 . 930 vw 

311 

1.912 




104 

1 , 879 




411 

1 . 853 

1 . 8.55 m 

1 . 855 m 

1 . 884 m 1 . 840 m 1 . 855 m 

320 

1 . 852 




203 

1.841 




131 

1 . 83.5 





* These spacings are used to calculate dimensions of the unit cell. 


TABLE IJ 


Planes 

Spacings in A.U. at 
-ISO^C 

Spacings in A.U. at 
8()^C 

Calculated 
from unit 
cell 

dimensions 

! 

observ<Hi 

Calculated 
from unit 
cell 

dimensions 

observed 

200 

3.493 

3.493 

3.584 

3.584 

211 

3.420 

3.419 

3.494 

3.494 

311 

2.428 

2.428 

2.482 

2.482 

004 

2.287 

2.268 



221 

2.035 

2.035 

2.090 


321 

1.988 

1.987 

2.070 

2.080 





(broad) 

130 

1.922 

1.921 



411 

1.841 

1.840 

1.885 

1.884 


into consideration. It can be seen from Table I that the spacings at 32° C 
agree with those given by Mathieson, Robertson and Sinclair (1950) and there- 
fore the dimensions of unit cell are given as a = 8.561 A.U., h == 6.036 A.U., 
11*163 A.U. and = 124° 42' as reported by those authors. 
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PIATE XIV 



Debye-Scherrcr paticrus of anthracene 

(a) Specimen at Bu'C^ ( Radius of ( lainera : 2.R( (jris ) 

(b) Specimen at 35' (I ( Radius of (Camera : 2.H4 rrns ) 

(c) Specimen at 32'^C ( Radius of ( lamina : ;,.2r, cms ) 

(d) Specimen at - i8o°C) ( Radius of (lamera : cms ) 

(c) Specimen once cooled to - iHoC and brought bark 

to ^2‘ C ( Radius of Camera : 3.2 3 cms ). 
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It is further evident from the Table I that all the spacings for the crystal 
maintained at 180 C are consistently shorter than the corresponding spacings 
for the crystal at 32°C and when the crystal is brought back to 32°C, after it is 
once cooled to — 180°C, the spacings agree with those at room temperature. 
Since new Debye-Scherrer rings do not appear in the pattern obtained for the 
crystal at — 180°C, it can be concluded that the unit cell only contracts at 
— 180°C and no appreciable distortion takes i>lace. The dimensions t)f the unit 
cell calculated from the spacings of the pl^es (001), (111), (110), (120), (210) 
and (021) for the crystal at — 180°C are gi^^n below. 

a = 8.647 A.U. b = 6.000 A.U. 

c = 11.090 A.U. and /i = 12if 10'. 

Taking the dimensions of the unit cell Ar the crystal at room temperature 
as those reported by Mathieson etal (1960) flie mean coefficients of expansions, 
OLai oLi, and in the directions along the thr^ crystallographic axes in the range 
32® C to 180°C can be calculated. The calculated values are 

= 77.6 X 10“«, = 27.62 x 10“« 31.06 x 10' «. 

The dimensions of the unit cell for the crystal at~-195®C reported by Kozhin 
and KitaiGordskii (1953) agree fairly well with those obtained in the present 
investigation excepting the value of a. But since they reported values for the 
dimensions of the unit cell at 20® C lower than those reported by Mathieson etal 
(1950) the mean values of coefficients of expansion do not agree with those obtained 
from the data reported by them. 

It can be seen from Table I that the spacings lor the crystal at 80° C are 
comparatively higher than those obtained for the crystal at 32°C. But as no 
new rings appear in the Debye-Scherrer pattern nor does the pattern change 
even slightly when the crystal is heated to 80°C, it can be concluded that only 
thermal expansion of the unit cell takes place with the rise of temperature to 
80° C. The dimensions of the unit cell in the crystal at 80° C calculated from 
spacings of (111), (110), (120), (004), (021) and (201) are found to be 

a = 8.696 A.U. b = 6.160 A.U. 

c = 11.310 A.U. and fi - 124° 28'. 

The mean values of coefficients of expansion cl^ and cc^ in the range from 
32°C to 80° C are obtained as 

Oia == 32.86 X 10“«, OLf, = 39.36 x 10~® and == 27 .46 x 10-^ 

It can be seen that the mean values of coefficients of expansion in the high 
temperature range are about ten times higher than those in the low temperature 
region. 
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It can be seen from Table I that the values di spacings in the crystal at 66T 
are almost the same as those for the crystal at 32® C. This might be due to the 
reason that in this temperature range the coefficient of expansion is small so that 
appreciable change in the spacings does not tdke place. The spacings, however, 
increase abruptly when the temperature is raised above 55°C and the coefficient 
of expansion increases enormously. The values of the spacings of other planes 
calculated from the dimensions of the unit cell for the crystal at low and high 
temperatures are given in Table TI together with those obseived. It can be seen 
that these two sets of values agree fairly well with each other. 

The low frequency Raman lines of anthracene at different temperatures have 
not been investigated thoroughly and it would be interesting to find out whether 
these lines undergo abrupt changes with the change in the temperature of the 
crystal from 32®C to 80®C, because in the case of /^-dichlorobenzene such a change 
has been observed by previous authors. 

ACKNOWLEDGMENT 

The author wishes to express his indebtedness to Professor S. C. Sirkar, D.Sc., 
P.N.I. for hivS kind help and invaluable guidance throughout the progress of this 
work. 


H E V E R E N C K S 


Banerjco, K., 1930, Jnd. J. PhyN„ 4, 5.57. 

Hragy,, Sir William, 1923, Proc, Phys. •%('. LomU 35, 167. 

Krishna Murti, G, S. H., and Sen, S. N., 1956, Ind. J, Phys,, 30, 242. 

Kozhin, V, M., and KitaiGorodskii, A. I., 19.53, Zhur. fiz. Khhn., 27, No, 11, 1276. 
Mathieson, A. M., Kobortson, J. M., and Sinclsir, V. 0 ., 1950, AcOf. crysf., 8 , 245. 
Robertson, J. M., 1933, Z, Krist., 84, 321. 

1933, Proc, Pay, Soc, hond., \.140, 79. 



55 


ON DEPENDENCE OF RESOLVING POWER ON 
BACKGROUND INTENSITY, STAGE OF 
RESOLUTION AND DETECTING 
INSTRUMENT 

K. C. OHATURVEDJ AND M. S. SODHA 

ir>B-L), Kamlanaomi, [)kihi-(> 

{HerHvefJ fot 2, 

ABSTRACT. 1 n this pap(M* th(^ authors hrt\ diiHciiHSDt I I ho \ srititioti of ri^solving powor 
of prism, grating, reflecting ccfu^lon and Kal)rv*TN>rol oialorj with hacUground inLonsity, 
stag(^ of* resolution desired and the detecting instrumelit, wh(‘ti natural lim* width is la'gUgihle, 
'I’he ease wVion instrumental widtii is negligible fuis also fieen discusse.fl, 

1 N t H O I) V OT 1 () N 

Ditchburn (19JiO) has jiointed out that the resolving power ol an instru- 
ment depends on the stage of resolution desired and tlte detecting instrument. 
A given eombination of detecting instrument and the stage of resolution desired 
is characterized by c, the ratio of minimiun to maximum of t he resultant intensity 
pattern of two lines for optimum resolution. For example, when the spectro- 
gram is examined by a mierophotometer we have. 

i) Detection of inhomogeneity in radiation when c -- 0.9H. 

ii) Partial resolution (approximate measurement of wavelength st^[)ara- 
tion) when c -= 0.8. 

and iii) Complete resolution (measurement of wavelength separation and rela- 
tive intensities) when c — 0.4. 

The variation of resolving power ol various instruments with c has been 
studied by Sharma and Sodha (1954) and Mitra (1954), wlien the bai^kground 
intensity is zero. Sodha (1954) has discussed the variation of resolving power, with 
background intensity on Rayleigh s criterion (c = d.8). 

In this paper the authors have investigated the dependence of resolving 
power on k and c i.e. detecting instrument, stage of resolution desired and the 
background intensity present. Two important tiases have been distinguished, 

i) when instrumental width is negligible and the intensity distribution of 
a line is governed by Doppler effect 

ii) when Doppler width is negligible and the intensity distribution of a line 
is governed by the instrument. 

643 
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NEGLIGIBLE INSTRUMENTAL WIDTH 

The intensity distribution of a spectral line of wave number due to Doppler 
effort is given by 

/' = lo exp{— 

where // = jii being the mass of radiant atoms. 

The intonsity distribution of another spectral line of wave number (v^+Av) 
and same intonsity is 

/" = Jo exp {_;^(v-v,-Av)2} 
if Av is small same for both lines). 

Putting VP • fhe resultani intensity pattern in the 

presence of a background intensity is given by 

I = Wo+V 


Neglecting the shrinkage effect, the intensity maximum (x — 0 or a) and 
intensity minimum (x = a 12) are given by 

and 

'0 

Putting 

^ min p 

T 

max 

we have 

k = {c{l+e-‘''^)-2e-«^l*}l(l-c) ... (1) 

The resolving power is given by 



a 


( 3 ) 
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Table I, computed from equations (1) and (3), illustrates the variation of 
a with k and c. The results have been illustrated by figures 1 and 2« 



Fig. !• Variation of a with k and c (0.4— 0.8) when instrumental width is negligible* 



Fig. 2. Variation of « with it and c (0.9-0. 98) when instrumental width is negligible. 
2 
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TABLE I 

. • t ' * ' 

Variation of a with fc -and o when the instrumental width- is negligible ^ • 


Ic 

0 -- 0.4 

■ 11 

O 

cn 

c - 0.6 

c - 0.7 

c == 0.8 

c = 0.9 

c = 0. 

0.00 









0.53 


, 

0.04 

— 

— . 

— 

— 

— 

— 



0.08 

0.38 

— 

0.45 

— 

— 

— 

— 

O.IJ 



0.41 



- 

, 


■ 

0. J4 

— 

— 

— 

0.48 

— 





0.22 

0.35 

— 

— 

— 


•— 

— 

o.:jo 





0.4J 



0.50 

0.56 

■ 

0.44 

— 

— 

- - 

0.45 

— 

— 

— 

0.40 

— 

0.35 



— 


— 

0.50 

0.29 

. _ 




! 




0.660 

0.00 











0.80 

— 

0.29 

— 

— 


— 

— 

0.82 




0.35 

/ * 


J 


0.85 

— 

— 

— 

0.41 

'* r* 





1.00 

— . 

0.00 

— . 

f 

j ' 

— 

— 

1,02 



— 

i — ' 

;o.46 ' 

— 



1.09 

— r-''' 

— 

0,32 

.. 1 
\ — 

( . — 



. - - 

1.25 


— 

0129 

1 

\ j 

f • 

f 

— 

— - 

J.43 

1 

Ji. 

i 

- 

■0.35 





J . 50 

— 

— 

0,00 

— 

0.42 




1 . 79 

■ 

— 

— 

0.32 

— 

0.50 


1 . 99 

. — 

— 

— 



0.39 






— 

— 

0.00 

— 

— 

0.60 

2., 50 



— 

-- 

0.36 

— 

— 

;^.oo 





_ 

0.33 

0.46 


:i.50 


— 

— 

. — 

0.29 

— 



3.97 

— - 


— 

— 

0.20 

— 

— 

■1.00 







0.00 



4.56 

— 

— 

— 

— 



0.41 



6.07 

— 

— 

-- 

— 

— 

-- 

0.56 

6.30 









0.35 


9,00 


— 

— 

— 

— 

0.00 



13.11 

— 

— 

— 

— 

— 

— 

0.50 

19.28 












0.46 

24.52 

. — 

. — 

— 







0.42 

26.81 

— 

— 

— 

— 

— 


0.41 

36.37 






- 

. . 

- ' 

0.35 

44.02 

— 

^ — 

— 

— 

— 

— 

0.29 

49.00 

— 

— 

— 

— 

— 

— 

0.00 



I 
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PAB'R Y-PEftOT' 'fcTAl.ON ‘ ' 

The intensity pattern of a spectral line in the order where n is a fVaf- 

tio 1 and an integer is given for Fabry Perot etalon 4)y 

7' = _ ^ lo 

l+F 7T(n^y+n) l+y- 


where F is the coefficient of fineness and x ^nnF^-. ’ ’ 

'• The intensity pattern’ of a'ndther spectral line of equal ihlerisity fmi>^irmnn 
and separated by a small order An is given by ' ' ' ' 

/" — Jo ^i) 

1 + ^ 7r(ti^„+w— 1 \ (x ay^ 

where a - n . An . F\ 

The resultant intensity pattern, in the presence of a bac kground intcuisil v, 
which is equal to k times the intensity maximum, is given by 

I 

7^,1, J 

7 „ 1 1 


Neglecting shrinkage effect, the maximum (x t- o or a) and minimum 
(x a/2) of the resultant pattern are given by > 


'r - lia’ I 


I 


I I. 


and 


^7/1/ U ^4- — 


For limiting resolution, putting 

^min ^ f. 

^ max 

we have / 

f t . 

a\c^ck-k)-a\t>k-r,ck-\ S~-6r.).^4(*-+2-cA:-29)=-0 - 

or ' 

, (5jfe-5cfc+&^6c)+ . . (4) 

® 2(c+c)fc— ifc) ^ 


since a is -Teal,' 


•/ 
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The resolving power of the Fabry Perot etalon is given by 

A = ^ = a . ... (6) 

dA An a 

where 

a = nja ... (6) 

and the value of a is given by equation (4). 

Table II illustrates the variation of a with k and c. The results have been 
illustrated in figures 3 and 4. 



Fig. 3. Variation of a with k and c (0.4— 0.8) for F. P. etalon. 



Fig. 4. Variation of « with k and c (0.9—0.98) for F. Pi etalon* 
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TABLE II 



Variation 

of a with 

k and c 

for F.P. 

etalon. 



k 

= 0.4 

C o.r> c 

^ 0.6 r 

0.7 C 

0.8 

c = 0.9 

c = 0.98 

0.0 

0.82 

0.96 

1.11 

1.28 

1.49 

1.76 

2.10 

0.1 

0.74 

— 

— 

— 

— 

— 

— 

0.2 

0.66 

0.83 

1.00 

— 


— 

— 

0.4 

0.48 

0,69 



l.iO 

1.34 




0.6 

— 

0.55 

0.78 

— 

— 

— 

— 

0.666 

0 

— 

— 

— 

— 

— 

— 

0.8 



0.38 


a. 93 



— 

— 

1.0 

— . 

0 

0.55 

. — 

1.15 

— 

— 

1.2 

— 

— 

0.41 

Q.76 

— ' 

— 

— 

1.5 





0 

— 

— 

— 

— 

1.6 

— 

. — . 

— 

0.58 

— 

— 

— 

2.0 

— 

— 

— 

0.38 

0.85 

1.34 

— 

2.333 







0 

— 

— 

— 

3.0 

— 

— 


, — 

0.56 

— 

— 

4.0 

— 

— 

— 

— 

0 

1.01 

— 

6.0 






— 

0.72 

— 

8.0 





— 

— 

— 

0.38 

— 

0.0 

— 

— 

— 

— 

— 

0 


10.0 

20.0 

.30.0 

— 

— 

E 

— 

— 

— 

1.52 

1.15 

0.84 

40.0 



— 

— 

— 


— 

0.54 

40.0 

— 

— 

— 




U 

GRA 

TING, 

R K F L E C 

TING 

E C H E L 

ON A 

N D PRISM 


The intensity of a spectral line diffracted by a grating or a reflecting echelon 
is given by 

_ 1 sin* N/i 

Jo ” 1^* * sin*/? 

where /« is the intensity maximum, N is the number of lines of the grating or the 
number of steps in the_reflecting echelon and the phase difference between 
two adjacent beams. 

Putting X = N/iy we have 


r sin^iT 



when yff is small. 

The above expression also represents the intensity distribution in a prism 

X sin 1? 

A 


if 
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The intensity distribution of anhtSife^ line of the same intensity and an 
angular separation corresponding to Aa: == a is given by , 

1” _ sin* (rr— a) 

^0 ■ 

The resultant intensity distribution of tJie two lines, when the background 
intensity is ib/g, is given by ^ * 

1 , , sin* X , sin* (x—a) 

Neglecting shrinkage effect the intensity maximum (a; = 0 or a) and minimum 
(a? = a/2) of the resultant pattern are given by 


^max ^ ^ 


and 


2sinMa/2) 

/„ + (a/2)* 


For limiting resolution, putting 


^ min 


•^max 


= c 


we have 


1.-1 ^ /i V 8 sin* (a/2) 

*”■ 1-c V ^^-c) 


a*(l-c) 

The resolving power of the grating or ihe rejlecting echelon is given by 

■^ == = ? .’Nn = a ."Nn 

dX Afi a 

f r > . 

and the resolving power of the prism is given by 


•r (7) 


... ( 8 ) 


A 

dA 


“■€) 


(9) 


where 

a = nja. 

the value of a being given by equation {7). 


( 10 ) 
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Table III illustrates the variation of a with k and c. The results have 
been iljjustrated in figures . 6 and 6. _ 



Fig. r>. Variation of a with,./* and a ((>,.4—0. 8) for grating, reflecting echelon and pfism. 
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TABLE III 

Variation of a with k and e for grating, reflecting echelon and prism. 


h 

c = 0.4 

c = 0.5 

c = 0.6 

c = 0.7 

c = 0.8 

c = 0.9 

c = 0.68 

0.00 









1.00 


1.116 

0.01 

— 

0.83 

— 

— 

— 

— 

— 

0.00 

— 

— 

— 

— 

— 

1.05 

— 

0.17 

— 





0.01 







0.26 

0.71 

— . 

0.83 

— 

— 

1.04 

— 

O ..')! 

0.63 

0.71 

— 

— 

— 

— 

— 

0.63 

0.55 













0.67 

0..50 

— 

— 

— 

— 



— 

0.60 

— 

— 

— 

0.83 

— 

— 

— 

0.76 

— 

— 

— 

— 

0.91 



1.11 

0.82 

— 

0.63 

— 

— 

— 



— 

0.89 

— 

— 

0,71 

— 

— 

1.00 

— 

0.96 



0.55 











1.00 

— 

0.50 

— 









1.28 

— 

— 

0.63 

— 

— 

— 

— 

1.46 





0.65 








1.50 

— 

— 

0.50 







— 

1.55 

— 

— 

— 

0.71 

0.83 

— 


2.05 

— 

— 1 

— 

0.63 

— 




2.28 

— 

— 

— 

0.55 

— 


, — 

2.33 

— 

— 

— 

0.50 

— 

— 

— 

2.83 

— 

— 




0.71 




3.60 


— 

— 



0.63 


— 

3.92 

— 

— 

— 

— 

0.55 

— 

— 

4.00 









0.50 





4.13 

— 

— 

— 

— 

— 

0.83 

— 

4.49 

— 


— 

— 

— 


1.05 

6.72 

— 


— 





0.71 



6.86 

— 

— 

— 

— 

— 

— 

1.02 

8.23 

— 

— 

— 

— 

— 

0.63 

— 

8.47 













1.00 

8.86 

— 

— 

— 

— 



0.55 

— 

9.00 

— 

— 

— 

— 

— 

0.50 

— 

16.69 







- ■ 





0.91 

24.76 

— 

— 

— 




— 

0.83 

37.79 

— 

— 

— 

— 

— 

— 

0.71 

45.28 

—— 


- ■ 

. 



— 

0.63 

48.34 

— 

— 





— 

— 

0.55 

49.00 

— 

— 

— 

— 

— 

— 

0.50 
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ULTRAVIOLET ABSORPTION SPECTRA OF o-METHOXY- 
PHENOL AND 2. 4. 6-TRICHLOROPHENOL IN 
DIFFERENT STATES* 

S. K. SEN 

Orric’s Dkpartmknt, Indian Assoc i vti on fok the (\'i/nv\TiuN ok Soienc k, 

J A IM vr U II , Va I JtJTTA - .‘12 

(Heveivpfi for fmhlication, Jvhf 18, 

ABSTRACT. Absorption spi^ctra of o-moth<ixypluniol and 2,4,(btrichloroplic'nol ui 
different states have been studied and the rosulLs . have* been companMl with those' of 
chlorophenols reported by pre'vious authors. Kanlitni speed ra of th(‘ liepiids have' also bevn 
investi|;Hted. 

Major change is observed to occur in the spectiruin of e-methoxyphenol on lit|iH'faetion 
of the vapour with a shift of the 0,0 band by cm > towaids longer wavelengths. In the 
spectrum due to the solid stak? at low temperatures, tJie 0,0 band is obsiTvc'd to lx* displact'd 
towards shorter wavelengths by 100 cm-i from its position in the spc'ctruin diu* to tlx* liquid 
and the bands becomes sharpt'r. 

d'he 0,0 band of 2,4,H-trichlorophenol is also found to shift by 405 cm-i towards longca’ 
wavelengths on ii(|Uofaction of the* vapour. With solidification and (‘oolmg down to - IHO'C^ 
the 0,0 baud shifts by 300 em-i towards shorter wavelengths and the bands are found to be 
aharjier. 

By comparing the results with those foi* chlorophenols it is ('(included that tlx* pc’rturb- 
ing field rc^sulting in the changes in the electronic spcx'tra (icp(‘nds on (he pres(‘iic<^ 
or absence of permanent (d('ctrjc moment. So, it has been suggested that in tlx* ease* of 
substituted ben/.(nies, Davydov splitting aloim cannot ac'coiint for the observed chaiigiw. 

1 NT K () I) V ( T 1 O N 

Swamy (1953) reported some changes in the absorption spectra of chlorophc. 
nols in the solid state at low' tem})erature, the clianges depending on the nainre 
and relative positions of the substituents. The 0,(1 hand of u-chlorophenol was 
found to shift by 272 cni'^ towards shorter wavelengths with soJidification of 
the liquid and cooling down to -180 wdiile there was a smaller shift in the ease 
of i 9 -chlorophenol. Shifts of the 0,0 bands were also observed in the ease of o-, 
m- and p-cresols (Swamy, 1952) with the change from the litiuid to solid state 
at low temperatures. In the case of /?-cresol, the companions of the 0,0 band 
could be represented by transitions to higher harmonies of the mode of frec|uency 
of the carbon ring. In order to find out the nature of the influence of intermole- 
cular field on the absorption spectra of other substituted phenol compounds at 
low temperatures the ultraviolet absorption spectra of o-methoxy phenol 

* Communicated by Prof. S. C. Sirkar. 
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( 0 HC(,H[ 4 CH 30 ) aad 2, 4, 6-trichloropheiiol (OHCeHaCl^) in different states have 
been studied in the present investigation and the results have been compared 
with those ^ne to other substituted phenols. As no data were available 
regarding the absorption spectra of these two comounds in the vapour state, 
these spectra have, therefore, been investigated in order to find out the changes 
which take place in the spectrum with liquefaction of the vapours. A tentative 
analysis of each of these two spectra has also been included. 

EXPERIMENTAL 

Chemically pure samples of o-niethoxyphenol (E. Merck) and 2, 4, 6-trichloro- 
phenol (Scherring-Kahlbaun, Berlin) were distilled several times under reduced 
pressure before being used in the present investigation. 

The experimental set up was the same as that used in an earlier investiga- 
tion by the author (Sen, 1955). Sp)ectrograms were taken on HP3 films with 
a Hilger El quartz spectrograph having a dispersion of 3 A.U. per mm in the 

o 

region 2600A. The absorption spectrum of o-methoxyphenol in the vapour 
state at room temperature was photographed with a sealed absorption tube of 
length 30 cm. and of diameter 14 mm, quartz windows being cemented to the ends 
of the tube with Araldite. The spectrum of 2,4,6-trichlorophenol in the vapour 
state required a similar tube of length 50 cm. which was also evacuated and then 
sealed. The tube in this case was kept at 85''C by means of an electric heater, 
the liquid (container attached to the tube being kept at a temperature at least 
10*^0 below that of the tube by means of another heater. The time of exposure 
required in the case of the spectra due to the vapour state was one hour. Very 
thin films of thickness of the order of a few microns were required for the spectra 
due to the liquid states, the time of exposure varying from 10 to 15 minutes. The 
spectra due to the solid state were photographed with one hour’s exposure in each 
case. Iron arc spectrum was photographed on each spectrogram as comparison. 
Microphotometric records were obtained with a self-recording microphotometer 
supplied by Kipp and Zonen. The frequencies of the bands were measured using 
the microphoto metric records of the iron lines and superposing records of two 
known iron lines as reference lines on the record due to the absorption spectrum 
by making linear scratches on the latter spectrum in place of these two lines. 

RESULTS 

The microphotometric records of the spectrograms due to the substances 
in the liquid, solid and vapour states are given in figures 1 and 2. The frequencies 
of the bands due to the vapours with probable assignments are given in Tables 
I and III. Such data for the liquid and solid states are given in Tables II and IV. 
As usual, the relative intensities are indicated by the letters (s), (m) and (w) res- 
pectively. 
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TABLE I 

Absorption bands of o-methoxyphenol in the vapour state at 32°C 



Differenfe 

Assipjn- 


Differenoo 


V in cm-i 

from 0,0 

rnont 

V in cm-i 

from 0,0 

Assignment 


band 



band 





36424 (s) 

487 

0 + 487 

35091 (m) 

— 240 

0-240 

sea.'io (8) 

722 

0+722 

35752 (IT) 

- 185 

0-185 

30800 (ft) 

929 

0 + 929 

35798 (ir) 

-139 

0-139 

37191 (m) 

1254 

0 + 323 + 929 

35854 (s) 

- 83 

0-83 

37386 (m) 

1449 

0 + 722x2 

35K97 (s) 

-- 40 

0 - 40 

37492 (m) 

1555 

0-1 103 + 422+487x2 

35937 (k) 

— 

0,1) 

37018 (m) 

1081 

0 + 237+722x2 

30035 (tn) 

98 

O-j 98 

37700 (m) 

1763 

0-f 323 + 722x2 

30100 (m) 

103 

0 1 103 

37880 (m) 

1949 

jO 1-98 + 929x2 
,0-1 487 + 722x2 

30174 (m) 

237 

0 + 237 

37959 (w) 

2022 

0 + 163 + 929x2 

30200 (m) 

323 

0-1 323 

38105 (w) 

2108 

0 + 722x3 

36359 (m) 

422 - 

0 + 422 





38340 (w) 

2409 

0-1 237 + 722x3 


TABLE II 

Absorption bands of o-methoxyphenol in the liquid and solid states. 


Liquid at 32 

Solid at -180°C 

V in cm ^ 

Difference Assign- 

from 0,0 ment 

band 

V in cm- 

Difference 

1 from 0,0 

band 

Assign- 

ment 

35387 

(s.vb) 

— 0,0 

35488 

(8,b) 

— 

0,0 

36123 

(a,vb) 

736 OH 736 

36009 

(H,b) 

521 

0+521 

36862 

(w,vb) 

U7.‘> 0 1-736x2 

36197 

(8,b) 

709 

0-1 709 



30413 

(m,b) 

925 

0 + 925 



30717 

{w,b) 

1229 

0 + 521+709 



36935 

(w,b) 

1447 

0 + 621 + 925 
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TABLE 111 

Absorption bands of 2,4,6-trichlorophenol in the vapour state at 85*^C 


V in crrr J 

Difference 
from 0,0 
band 


3i02« (ft) 

— 

0,0 

34306 (ft) 

340 

04 340 

34712 (m) 

680 

0+340x2 

34829 (ft) 

803 

OH- 803 

35172 (ft) 

1146 

O-f 1146 

0H“ 3404 803 

35513 (m) 

1487 

04 340x2 4 803 
0^^340-41146 

35854 (w) 

1828 

04 340x2 4 1146 

0 ^ 340x34 803 

36317 (w) 

2291 

04 1146x2 

04 340x2 1 803 <2 


TABLE IV 

Absorption bands of 2,4,6-trichlorophenol in the liquid and solid states 


Liquid at 70'V 

Solid at 32 j 

Solid at 

^180‘(’ 

Difif. 

from Assign- 
y in cm-i 0,0 ment 

band 

Diff. 

from 

V in <*m ' 0,0 

band 

Aftsign- 

ment 

Diff. 

from 

y in cm~* 0,0 

1 band 

Aftsigninent 


A very 
broad 
band 
extend- 
ing 
from 

33450 

om-i 

to 

35535 

rm-^ 


Long 

33843 

— 

0,(> 

33921 


0,0 

wave- 

(8,b) 



(h) 



lengtVi 

edge 

34845 

1002 

0 f 1002 

34228 

307 

0 1 307 

at 

3353 L 

(w,b) 



(«) 



cm-i 

taken 

35152 

1309 

04 1309 

34683 

762 

04 762 

as the 

(8,b) 



(m) 



0,0 

band 

35844 

2001 

0-^ 1002 X 2 

35087 

1166 

0 1 1166 

(w,b) 



(k) 




36151 

2308 

0 1 1002 

35295 

1374 

0 1-307x24-762 


(w,b) 


4 1309 

(m) 







35854 

1933 

O f 762 4 1166 





(w) 







36250 

2329 

0 M 166x2 





(w) 
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TABLE V 

Raman spectrum of o-niethoxyphenol in the Jiquid state at loom temp, 


Keitz anti 
Ypsilanti (J935) 
in cm-J 


184 (7b) 
237 (3) 
308 (5) 
349 (4) 
458 (3) 
492 (3) 
536 (6) 
583 (5) 
726 (2) 
759 (14) 
832 (5) 
1028 (3) 
1041 (6) 
1159 (8) 
1204 (2) 
1260 (0) 
1302 (4) 
1354 (3b) 
1456 (5b) 
1499 (3) 
J600 (9b) 
2842 (4) 
2932 (2b) 
3023 (2) 
3071 (9b) 
3544 (0) 


Pn'sont author 
in cm-i 


183 (4) 
238 (1) 
305 (2) 
348 (2) 
155 (0) 
495 (4) 
537 (4) 
581 (3) 

758 (10) 
831 (3) 

1039(8) 
115« (6) 

1261 (7) 
1299 (2) 
1357 (2) 
1453 (3) 
1497 (1)" 
1598 (7b) 
2840 (2) 


3073 (5b) 


DISCUSSION 
o-M ethoxy phenol (OH 0 gH 4 OCH,) 

The absorption spectrum of o-methoxyphenol in the vapour slate has been 
analysed assuming the 0,0 band to be at 35937 cm-^ The bands on the longer 
wavelength side of the 0,0 band give some ground state vibration frequencies 
which should agree with Raman frequencies which were reported earlier by Reitz, 
and Ypsilanti (1935). The Raman spectrum was also reinvestigated to test the 
purity of the liquid and the frequencies arc given in Table V along with those re- 
ported by previous authors. There are two Raman lines at 183 and 238 cm^^ 
and a wing extending upto 145 cm“^ in this spectrum. So tlie ground state vibra- 
tion frequencies 139, 185, 246 cm~^ may be identified with the Raman frequencies 
the first one being hidden in the wing accompanying the Rayleigh line in the 
Raman spectrum. The bands at 40 and 83 may be due to transi- 
tions. The bands show excited state vibration frequencies 98, 163, 237, 323, 
422, 487, 722 and 929 cm“^ The corresponding ground state frequencies may 
be 139, 187, 301, 346, 495, 537, 762 and 1039 cm~* respectively, as given by the 
Raman spectrum, 
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The spectrum due to the liquid state shows three very broad bands with the 
0,0 band at 36387 cm"^, the frequency difference between successive bands being 
730 cm“*. The 0,0 band thus shifts by 550 cm'^ towards longer wavelengths 
with liquefaction of the vapour. Such a shift indicates the influence of strong 
intermolecitlar field acting on the molecules which lowers the excited electronic 
state. In the case of o-chlorophenol (Swamy, 1953) practically no shift of the 0,0 
band was observed with the change from vapour to liquid phase. It is 
well known that in the o-chlorophenol inolecul* the chlorine atom is attached to 
the OH group through a virtual linkage (Pt^iliug, 1939; Ghosh, 1955). It is 
thus evident that whei\ the chlorine atom is no^ free to form virtual linkage witJi 
the neighbouring niolec-ule no perturbing internifolecular field acts on the electronic 
state of the molecule in the liquid phase It is j)roved by this fact that the shift 
of the 0,0 band with liquefaction is not due to ordinary Van der Waal forces but 
it is due to formation of virtual linkages. * 

With the solidification of the liquid and l(rw'ering of temperature to 180“C, 
the spcqtrum changes giving sharper bands with the 0,0 band at .15488(110 
which is displaced by about 100 cm ' towards shorter wavelengths from its posi- 
tion in the liquid state. The successive bands show progression of excited state 
vibration frequencies .521, 709 and 925 cni-i. The shift of the 0,0 band of 
o-chlorophenol (Swamy, 1953) with the change from litpiid to .solid state at low 
temperature was slightly larger. Perhaps at short distances the chlorine atom 
in any moleeulc has tendency to be attached to the, hydrogen atom of the neigh- 
bouring molecules although it is already linked to the OH group of the same mole- 
cule Thus it gives scope for formation of associated groups of molecules at low 
temperatures thereby causing a larger shift of the 0.0 band. In the present 
case, with the absence of chlorine atom, the bond between associated groups of 
niolwules may not be rigid enough to diminish the, amplitude, of angular osci a- 
tion coiusulerablv at low temperatures giving only a little sharper bands am a 
smaller sh(ft of the 0,0 band than in the case of o-chlorophenol. 


2, 4, {y-Trichloro phenol (CijjCgH^OH) 

The absorption spectrum due to 2, 4, 6-trichlorophenol in the vapour state 
has been studied and a tentative assignment of the bands has been made 
assumuig the 0,0 band to be at 34026 cm-«. As the data for the Kaman spcctrm 
were not available, the Raman spectrum of the liquid was also ^ 

A feeble Raman spectrum was observed and the Raman frequencies ^ 

are 198, 387 , 864, 11.54 and 1617 cm-. The absorp .o.i spectrum gjs 
progression of excited state frequencies 340, 803, 1146 cm- which may corrw- 
pond to the ground state frequencies 387 , 864, 1154 cm- as given by the 

Raman spectrum. 

The .p.otram due to the liquid .t.te giue. . very broad ^d With Ito lung 
™velength edge at 33631 cm- and extending upto 36636 em-. It the 0.0 band 
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is Jocated at the edge it is found to be displaced by 495 cm"^ towards longer wave- 
lengths from its position in the vapour state. Such a lowering of excited elec- 
tronic state indicates the influence of strong intermolecular fleld acting on the 
molecules. The shift of the 0,0 band observed in the case of p-chlorophenol 
(Swamy, 1953) under similar conditions was smaller. This may indicate that 
the intermolecular field depends also on the value of permanent electric moment 
which also determines the degree of intermolecular association. 

The spectrum due to the substance in the solid state at room temperature 
gives five broad bands with the 0,0 band at 33843 cm~i displaced by 312 cm“^ 
towards shorter wavelengths from its position in liquid state, The bands get 
slightly sharpened but they are still very broad and progession of excited state 
frequencies 1002, 1309 cm“^ has been obsfjrvcd. These are probably mean 
values of different frequencies. 

When the solidified mass is cooled to ~ IHO^'C, seven sharp bands are observed, 
the 0,0 band being at 33921 cm~i. This band thus shifts by 78 cm“^ towards 
shorter wavelengths when the solid mass is cooled down from room temperature 
to IHO^^C. Assignment of the bands shows a progression of excited state fre- 
quencies 307, 762 and 1166 cm“^ The sharpening of the bands with lowering 
of temperature may be due to cessation of angular oscillations owing to the for- 
mation of new virtual linkages among the molecules. In the case of p-chloro- 
phenol (Swamy, 1953) the 0,0 band was observed to be in the same position both 
in the vapour and the solid state at low temperature, whereas in the present case 
in which the molecule has a larger dipole moment the 0,0 band due to the solid 
state is found to be displaced by 105 enr ^ towards longer wavelengths from its 
position in the vapour state. It may be pointed out that in the theory put 
forward by Davydov (1948) the perturbing field acting on the electronic state of 
the molecule in the lattice is determined by the Coulomb forces between the various 
charges in the atoms of neighbouring molecules, but the results discussed above 
show that the perturbing field depends on the presence or absence of permanent 
electric moment in the molecule and also on the nature of substituent atoms in 
the molecule. It appears, therefore, that in substituted benzenes the Davydov 
splitting alone cannot account for the observed changes in the electronic spectra. 
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ABSTRACT. The goneial e(iiiaiion governing the radial pulsations ol magnetic stars 
has been derived and the integral formula for the frequency of pulsations deduced. The 
magnetic field is assumed to he continuous across the ,surfHce of the star. 

The problem of the pulsations of a magi^tic star has hevii the subject of 
investigation during recent years^. SchwarJfschild (1949); Gjellestad (1952); 
Ferraro and Memory (1952) ; Cowling (1952). More recently Chandrasekhar and 
Limber (1954) deduced an integral formula fpr tlu^ frequency of pulsations of a 
star in which a permanent magnetic field is assumed to be })revalent. They 
assumed the fi(;ld to vanish at the surface of the star which is not always a valid 
assumption. Keeping this in view we consider in this note the radial pulsations of 
a star, having body eurrenis so that the magnetic field is continuous aca-oss the 
surface. 

Since the mass of a layer at a distance from the centre of the unj)erturbed 
star is conserved during pulsations, we can write the equation of continuity as, 


/ ^ V" 1 

' ^0' Po ^'^0 


( 1 ) 


The equation of motion, choosing the time t and the distance as the independent 
variables, can be written in the following form 


dh 

^ 7) C "" ~ 


dp _ (hn 
dr 


P~\'{}^ H)mrfia; 


... (2) 


where p denotes the density, p the pressure, (f the gravitational c*onstant. 
H and j are the magnetic field and the? current density, satisfying the equations, 


Curl H - 477j 


... (3) 


and div H == 9 

Distinguishing the values of various parameters lor the e(|uilibrium confi- 
guration by the subscript zero and writing, 

r + Sr, p = Pf, + Sp, p ^ Po + Sp, H = Ho + j = jo + S j 
we find that the equations governing the radial oscillations of a small ampli- 
tude are 
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2Sr , dSr Sp . 

r. ^ Sr,- ~ ft - 

, d^r , r Gm i /• \ i l/i i dp \ 

+/>o ( 1 - -1-'^'’) - l(jo + ^j) X (Ho + <^H)] =0 ... (6) 

' »'o Po' 

where in equation ((*) we have used 

# == - ?^^o+(joXHo)™rfi«, ... (7) 

^'0 '0 

which must, liold in equilibrium. 

For adiabatic pulsations 


Up = r i)o 
/>0 

Thu,s using equations (.5) and (7) wo obtain 


( 8 ) 


^ pU/r> I 
^>0 LPo \ 
Putting 


Gm. I .. 

„ 2 /^ + (jo 


Ml 


2^r r9f^/* \ “ 

^0 / . 


(») 

( 10 ) 


and using e(|uation (9), the Addington’s eMjuation for radial pulsation, modihed 
in the preseiKie of the f)ernianent magnetic field, takes the form 


(T - 1) (io X 

'V dr„L^o r„^Po i>o 

I I ^0 -j (ill ^ H o)ra dto; ( dF-f-^) "I 

r"" p„ro^ fWo J 

_|.l( jo X ^H) -I- (i?j X .Ho)],.orfloj_Q ^ 

rpo^o 

This equation is true for all typos of current distribution, within the sphere, 
governed by equations (3) and (4). 

Now the change in the magnetic field, (JH, following the motion is given by 

SH = curl (<^r xH«)+(dr . gi*ad)Ho •“ (12) 

To simplify matters, we assume 

= constant ... (13) 
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which is a usual assumption made in the theory of adiabatic pulsations of a star 
(Ledoux, 1945; Chandrasekhar and Limber 1954). Thus equation (12) jiives 

-2|Ho (14) 

which on substitution in equation (3) gives 

"-3 ^ (15) 

Using equations (14) and (15) in ecpiation (II) we get 



where iCwi ()di'(t()d^)y is tlu' volume eleimuit, / and 12 denote* llu* nioiuetit 

of inertia and the gravitational energy of the system lespeet ively. 

Because the nature of the tiel<l outside a star is a inatt(*r which is not easily 
decided, we consider here, for tlie sake of illustration, the model ol curient 
system adopted by Ferraro (1954). The (‘((nations (3) and (4) giv(* 


J (W yj ^1 dV 

r- sin 0 ^ r sin 0 Or 


where V is the Stok(*s potential given by (cf. Kcpialion (2(5) 


Ferraro (1954)) 


C ~ * sin“^> 1 (k is a eonstant) 

.10 0 I 


we find 


{ f \ r.(,i X HMr^ 


where M is the magnetic energy «f the <-oiifigiiralif)n ami ihereten' (he iii qiiciuy 
of the radial pulsations is given by 

— ~ (3r*-4)^'^'^ •'* 


This expression is, as expected, identical with that obtained i.y f^hancirasekhar 
and Limber for the particular case of the magnetic field vanishing at the s.irfacc 
of the star. 
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This equation (18) clearly shows that the effect of the magnetic field is to 
decrease the frequency of pulsations. Further, the critical magnetic energy for 
the dynamical stability of a magnetic sphere is evidently equal to the gravita- 
tional energy, since above this limit the frequency of pulsations becomes imagi- 
nary. In the model adopted here, the critical polar field Hj, is given by, 


U.2 ^ 42 GM2 
^ 25 R4 


... (19) 
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Plate XV 

ABSTRACT. FJuorcsoonoc spectra j^iven by methyl Ix'nzoatc' in the visible region in 
the solid state at • ISO'C and in diluti* solutions in etthyU'ra' chlorliydrin and /^-heptaru' liavo 
been, inveatigatfd using ultraviolet light a-s exeitiiig radiation. An analysis of the bands 
due to tho cry.stals of the ])ure substance shows that r^>-ban<l is at. 25401 cm'-i ami the 
other bands are due to transitions in wdiich the various vibrational freipamcies ol the mole- 
cule are coupled with the electronic state of tliis molecule'. The spectra due to the sohitJons 
are different from those due to the pure substance and th(' solvent molecailcs art' observed 
to exort a great influence on tho spectrum. 

The fluoreseoneo spectra dut' to meta chloro- and rntda brornotolucne have also been 
investigated and tho results ha\'e b(*en compared with tlw* s])ectra dut' to otht*r similar 
moloeules. 


T N T K O D II C T 1 O N 

The fluorescence sjicctra of a few halogen substitiitcfl toluenes in tlie solid 
state and in different frozen solutions at •— I80°(I have been studied recently 
(Sirkar and Biswas, 11156; Biswas, 1956a; 1956h). It has been observed that 
the nature of the spectrum depends on tlie relative positions of tlu‘ substituents 
in the benzene ring. Tho study of the fluorescence spectra due to frozen solutions 
of these compounds shows that tlie same solvent pj’oduees some similar (changes 
in the fluorescence spectra of different ortho substituted or different para subs- 
tituted toluenes. 

Besides the disubstituted benzenes mentioned above, methyl benzoate also 
produces fluorescence in the visible region in its solid state at low temperature 
(Biswas, 1955). This compound differs from the above substituted loluenes in 
having only one long substituent group attached to the benzene ring. It would, 
therefore, be interesting to investigate how the fluorescence spectrum of this 
compound is altered by environments and to find out whether the main charac- 
teristics of the fluorescences pectrum produced in these compounds are determi- 
ned by the benzene ring or by the substituent groups. The fluorescence spectra 
of this compound in different frozen solutions have therefore been investigated. 

* Conununicated by Prof. S, C. Sirkar. 
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In earlier investigations only ortho- and para-chlorotolnenes and bromo- 
toluenes were investigated under different conditions. These investigations have 
been extended to metachioro-and meta bromotoluene and the results have 
been included in the present paper. 

EXPERIMENTAL 

The liquid methyl benzoate was supplied by Fisher Scientific Co., N.Y., 
U.S.A. and meta chloro- and meta bromotoluene were secured from Dr. Theodor 
Schuchardt and City Chemical Corporation, N.Y. respectively. The liquids 
were of chemically pure quality and were distilled carefully under reduced pres- 
sure before use. 

Besides the spectra due tf) the pure substances in the solid state those due 
to the frozen solutions of methyl benzoate in ethylene chlorhydrin and >^^-heptane 
have been studied. The solvents were purified by distillation in the same way 
as stated above. The purity of these solvents was assured by the fact that 
they did not produce any fluorescence in the visible region when they were frozen 
and cooled to — 180°C. 

The experimental arrangement and procedure adopted in the present in- 
vestigation were the same as that given earlier (Biswas, 1956a). The spectra were 
photographed on Ilford Special Rapid plates with the help of t wo different Fuess 

o o 

glass spectrographs of dispersion about llA and 12.5 A respectively per mm. 

o 

in the 4046 A region. The slit width varied from .25 to .75mm. 

The fluorescence spectra due to 10% solutions of methyl benzoate in ethy- 
lene chlorhydrin and 72-heptane in the frozen state were studied. The solution 
in ethylene chlorhydrin formed transparent mass when it was frozen by suddenly 
dipping it in liquid oxygen while the other solution formed nearly an opaque 
mass under a similar treatment. The 10% soluton in /^-heptane in the liquid 
state was also found to exhibit feeble fluorescence. 

RESULTS AND DISCUSSION 

The posit ions and the relative intensities of the fluorescence bands produced 
by methyl benzoate under different conditions are given in Table I. Tentative 
assignments for the fluorescence bands due to the pure substance are also given 
in Table I, Table TI contains the data on the fluorescence spectra of m-chloro- 
and m-bromotoluene in the solid state at -180°C. The relative intensities of 
the bands are indicated as strong (s), medium (m) etc. in the tables. 

The spectrograms are reproduced in figures 1, 2 and 3, Plate XV 

Bands due to methyl benzoate under different conditions : 

Methyl benzoate in the solid state at -180°C produces fifteen fluorescence 
bands in the visible region and a continuous spectrum extending from 24456 cm”^ 
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Methyl benzoate 
at -i 8 o‘(: 

Methyl benzoate* 
at -i 8 o‘C 

I Vo-band shown dearly). 

10% sol. in ethylene 
ehlorhydrin at iBoC 

to% sol. in w-heptane 
at room temp, 

10% sol. in «-hcplane 
at - i 8 o Cl. 



Fluorescence Spectra. 
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t. 24^66 cm-^ The assignment of these bands due to the pure substance in the 
state given in column 2 Table I shows that the bands can be assigned 
vottansrW m wYnelv tlie vrWational frequencies \74 -lid m tvm ut 
IbOOandm^em-iateinvoWl. TW fcequemues also c^tTcanouAVo souv’e 


TABLE I 

Fluorescence bands of ifeaethyl benzoate 


Pure substancp at — 1 SO^’C 

—f 

10% sol. in 
o&ylene 
ohforhydrin 
Ht;^-l80°C 

V ^ cm-i 

10% sol. in 
w-heptano 
at room toinp. 

V in cm-i 

10% sol. in 
7/-hpptano 
at - I80°C 

V in cm-’ 

V in cm -i 

Aseigiimont 

2.5461 (w) 


f 



25277 (w) 

^0-174 

j 



25232 (w) 

ro--219 

2ii232 (w) 


25207 (v.w) 



24807 (w) 


24819 (m) 

Continuous 





fluoroBoonce 





from 24455 to 




24066 cm-i 


24276 (v.w) 


24189 (m) 





23980 (v.w) 

2384S (h) 

Po -1603 



23803 (w) 

23735 (m) 

^0 — 1716 


23713 (v.w) 




23601 (s) 



23528 (m) 

(',-(1720+203) 



23573 (w) 

23271 (m) 

j'„-(16<K) 1 360-1-215) 



23407 (m) 



23168 (8) 

23195 (w) 

23185 (w) 

22726 (m) 

^'.-(l723^ 1002) 

22644 (a) 

22445 (w) 

22542 (s) 

22246 (s) 

j'o-2xl602 



22196 (w) 

22128 (m) 

>',-(16004 1723) 




21924 (m) 

•'.-(1000 ^ 1722-1 210) 

21852 (h) 


21996 (w) 

21771 (m) 

(', -(1600H-1722+360) 

21244 («) 

21705 (w) 

21761 (m) 
21398 \vj) 

21078 (m) 

(',-{2x1600+1173) 


21078 (w) 


20616 (m) 

(',-(2x1600-1-1736) 

20634 (w) 

20075 (v.w) 

20862 (s) 

10930 (v.w) 

V. -(2x1600+ 1736-1 220 + 365) 

J9828 (v.w) 


19930 (v.w)? 


of the Raman frequencies of the molecule (Biswas, 1955). Hence the bands are 
due to the molecule of the substance. Of the frequencies mentioned above, the 
1600 and 1722 cm~^ are those of vibrations of the ring and of the C = O group 
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respectively. It is observed that the intense bands are due to coupling of these 
two vibrations with the electronic state. 

TABLE II 
Fluorescence spectra 


Meta c'hlorotoluene at 
-180“C 

V in 

Meta bromo toluene at 
-180®C 

V in cm“i 

24862 (m) 

24875 (w) 

23578 (m) 

23551 (s) 

23115 (s) 

23110 (s) 

21904 (m) 

21890 (b) 

21439 (8) 

21371 (s) 

20336 (w) 

20268 (m) 


The frequencies 360, 1003 and 1173 cm~^ are not observed as independent 
transitions probably because the Tq — 360 cm“^ band is superposed on a mercury 
line and the other two bands coalesce with other neighbouring baiids producing 
a continuous fluoroseenco in the l egioii 24455 cm“* to 24066 cm-^. Comparison 
of the fluorescence sx)ectruni of methyl benzoate with those produced by some 
halogen substituted toluenes (Biswas, 1956a, 1956b) shows that the spectrum 
due to the former differs almost entirely from that due to any halogenated tolu- 
ene. This fact also suggests that the fluorescence is due to the molecule itself. 

The fluorescence bands due to solutions of methyl benzoate in ethylene chlor- 
hydrin and in n-heptane given in Table I show that the spectrum is quite different 
from that due to the pure substance. Such a phenomenon is also observed in the 
case of other organic compounds. For instance, in the case of naphthalene the 
sj^ectrum due to the pure substance is different from that due to the solution in 
alcohol (Pringsheirn, 1949). 

As pointed out previously (Biswas, 1956a) the fluorescence in pure crystal 
may be due to slight distortion of the molecule produced by association of the 
molecules with each other and in the case of solutions groups of molecules may be 
formed by association of molecules of the solvent with those of the solute. As 
observed previously in the case of ohloro- and bromotoluenes, solvents contain- 
ing chlorine atom or only hydrogen atoms in their molecules produce different 
changes in the fluorescence spectrum of methyl benzoate. The present results 
thus confirm the conclusion drawn earlier in the case of chloro- and bromoto- 
iuenes that virtual bonds formed through halogen atoms of the solvent produce 
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changes in the fluorescence spectrurii which are different from those produced by 
the virtual bonds formed through the hydrogen atoms of the solvent. 

Bands due to meta chloro’ and rneta bromotoliiene : 

The fluorescence spectrum of m-chlorotoluene has close resemblance with 
that produced by any other halogen substituted toluene studied earlier (Biswas, 
1956a, 1956b). In the case of the spectrum due to w-bromotoluene, however, 
the relative intensities of the bands differ from those observed in the ease of the 
other halogenated toluenes. In the former ease all the bands between 23(K>() 
cm^^ and 21300 eni”^ are almost equally intense while in the latter cases the 
bands occur alternately with strong and fnedium intensities. Moreover, in 
m-bromotoluene the bands are, in general, broader and the eom})oneiits oi the 
strong pairs at 23551 and 23110 cm ^ and at 3lS90 and 21371 cm ^ respectivelv 
are hardly resolved from ea(;h other. Further, on comparing the durations 
of exposure and the widths of the slit employerl in these difterent cases it is 
observed that the Ouorescence in both these meta compounds is much weaker 

than that of the para- or of the ortho substituted toluenes studied earlier. From 
the results of thes(‘ investiiiat ions it becomes evident that all chloro- and 
broniotoluenes exhibit fluoro.s(‘ence bands in the visible region in their 
solid state at low' temperatures. 
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ON THERMOLUMINESCENCE SPECTRA 
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Khajka Labohatory ok Physics, University Coia.koe of Science and Technology, 

University of Calcittta 

(Recpi*'e<i for puhlirafion, June 2S, 1956) 


ABSTRACT. The eonstruotion of a rapid -scanning s[M*cfcrophotometer capable of re- 
cording spectrum in one second is reported m this paper. The thermoluminesccnco spectra 
Oi** KCl and its analysis, along with a brief descrif)tion of the demountable cathode ray tube 
and the temperaturt' recording system used in the eNperimont. are also given. 

I NT R () i) U CT 1 ON 

In studying thermoluminescence it has been found that jieaks in the thermo- 
lumineseenee glow curves differ in the spectral nature of the emission. Up till 
now all attempts to record spectrograph ically the spectrum of the thermolumi- 
noscence peaks have failed. The failure is due to tlie transient nature of the 
glow and its low^ intensity. In order to make a dtdailed study of the spectral 
nature of various thermolurninescenee peaks a rapid -scanning of the weak 
transient emission is necessary. A spectrophotometer suitable for this purpose 
has been designed and constructed under the guidance of Prof. S. N. Bose. The 
part of the paper dealing with its design and (‘onst ruction was reported (earlier 
by Prof. Bose at the International Crystallography Conferen(*e, held in Paris 
in July, 1954. 

E X P E K 1 M E N T A r. T E 0 H N i Q U E Jk E Q U 1 P M E N T 
The apparatus assembly consists of various parts: 

(1) For excitation demountable cathode ray tube fitted w'ith sample holder. 

(2) For recording thermolumiueseence spectra— a rapid-sc^anning spectrophoto- 
meter with a recording system. 

(3) For recording temperature— a thermocouple and a galvanometer. 

The construction of the demountable cathode ray tube of pyrex glass wdll 
be clear from figure 1 . The finely powdered sample is rubbed on the flat surface 
of the silver bulb of the sample holder without using any adhesive. The upper 
part of the sample holder is double-walled and made of brass. Close to the sur- 
face where the sample is rubbed, a cromel-alumel thermocouple is mounted to give 
the temperature of the phosphors. Obviously silver is used to minimise any 

* Now At Birkbeck College, London. 
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temperature difference that inay creep in between the phosphor and the thermo- 
couple. Silver specimen-holder, by virtue of its low thermal capacity, is very 
convenient to heat at a higli rate. In the hollow of the silver bulb an electric heater 



Fig. 1. ningmmntic' i't?prcHfnta.t'icn of tlu‘ demoimtahje cathode-ray tuba. 

A — AiuxU*. 

B -Silver bull) of Ihc Ham])l<* holtlcr, 

(J- Catliode, 

H- Hcator, 

T — ’'Fhcrt noco u | > Ic , 

() Op(*ning for pouring litjuid oxygiai. 

is fitted, which is run at 20—30 volts and 20—30 amps, current from a trans- 
former. The double-walled portion of the sample holder ])asseH thnmglj a rubber 
cork (as shown in the figure) which can be fitted in a glass (‘one. Thus tlu^ 
sample bolder luin be rotated to expose diffenmt faces of it to cathode ray, 
so that fresh surface (?an be used when necessary. I.<i(|uid oxygen is pourtvl 
ill the bulb of the samjile holder through tlie opening at the top whieh projects 
outside the dis(;harge tnlie. A quartz window is provided in the discharge tube. 
When a vacuum sufficient for (cathode dis(diarge is obtained, the bulb of the 
sample-holder is filled with liquid oxygen to maintain tlie sample at the low tem- 
perature required. 

The cathode ray tube is run by a rectified high voltage power unit operating 
at 10 KV with electronic current of ayiproximately 400 inA. Tlie advantage of 
using this rectified H.V. power unit is that it protects the sample from the hazards 
of ionic bombardments. During the thermoluminescciK^e experiments, the sample 
is initially bombarded continuously for at least ten minutes, so that all the trap- 
ping centres might be saturated. 

It is seen that, if the initial bombardment is poor, only the shallow traps are 
filled, while the deeper traps remain inoperative. Thus the yield of the thermo- 
luminescence glow depends somewhat on the initial bombardment, and hence 
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irradiation is continued for an appreciable amount of time so that the traps may 
be filled to saturation. 

The spectrophotometer consists of two slits, a 60° quartz prism, two concave 
mirrors, and a plane mirror of stainless steel. The plane mirror is placed on a 
turning table which is connected to a cam rotated by a synchronous motor so that 
the mirror oscillates through 3° (appr<)ximatcly) in 9/l()ths of a sec., and flies 
back again to the initial position instantaneously. 

The light emitted by the phosphors is collected by a condensing lens system 
(one convex and one cylindrical) and is concentrated on the entrance slit of the 
spectrophotometer and it passes on to the collimating concave mirror. The rays 
of light rendered parallel by reflecition from the collecting concave mirror are dis- 
persed by the quartz prism. The dispersed rays are then received by the plane 
mirror which reflects the ray to a second concave mirror. The rays after reflec- 
tion from the coiKiave mirror are focussed on the exit slit . The oscillation of the 
plane mirror causes the s])ectrum to sweej) in front of the exit slit in fl/lOths of a 
second and to fly back t-o the initial position instantaneously. A photomultiplier 
tube of 19 dynodos and of very high gain transforms the weak spectrum on tlu* 
exit slit into electrical signals which, after suitable amplification, are displayed 
on a cathode ray oscillograph. The cam drive also supplies the trigger for the 
horizontal sweep of the oscillograph which makes every spectrum to start at the 
left and to end at the right of the screen. Thus in every second a curve of the 
spectral distribution of the emission is obtained on the os(*ill()graj)h screen. It is 
photographed with a specially constructed camera with a 3.5 Tesser lens and 
autosequence release synchronised with the oscillograph sweep. The spectrum 
calibration of the record is done by taking reference lines of various known 
sources e.g., He or Hg distdiarge lamps. Thus the instrument pejforms the dual 
role of a spectrograph and a microphotometer and can be very conveniently 
adopted to carry on studies of (1) fluorescence and phosphorescence, (2) thermo- 
luminescence spectra, (3) temperature-dej)endence of luminescence (both fluore- 
scence and phosphorescence), (4) correlation of colour centres and other known 
trapping centres wdth luminescence, (5) development of emission centres in the 
phosphor during X-ray or cathode ray irradiation and (6) near infra-red absorp- 
tion and emission spectra etc. Minor variations of the ex})erimental technique 
may extend the usefulness of the present apparatus to many other fields. 

The various part of the spectrophotometer as shown in figure 2, are rigidly 
mounted on a horizontal, square (20"x20") heavy cast iron base, supported on 
a tripod stand with three levelling screws. 

The accuracy of the spectroscopic results depends on the proper alignment 
of the light source, condensing lens system and the entrance slit of the scanning 
spectrophotometer in relation to one another and of all of them with respect to 
the first concave mirror. For this purpose, the condensing lens system and the 
source are mounted on a heavy optical bench 60 cms. long. 
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Slits. The slits are formed of a pair of stainless steel jaws of which one is 
fixed and the other is movable by a micrometer screw with a drum-head having 
100 equal divisions on it. The elfective pitch of the screw (cxjn-essed as slit width 
per revolution) is 0.5 mm. The screw arrangement is, however, reverse of the 
usual the baekw'ard motion of the micrometer .screw decreasing the width of the 
slit. The chance of damage to the sharp edges of the jaws under spring pre.ssnro 



Fig. 2. 'Phe apparatus an<l its ('Xj><?rimt*nlal sfl up. 


is thus eliminated. The maximum length of the slit is 20 mm., whirh can h(‘ re*,- 
duwl by means of a sliding diaphragm having tliree a])er1ures for spectrum 
photography. The slit system is mounted on a stand with facilities of (i) raising 
and lowering by a rack and pinion arraiig(*ment and (ii) tilting around a vertical 
axis and clamping in position by a fixing nut for })roper alignment. To keep the 
spectrum focussed on the slit, the slit -stand (*an be moved on a horizontal gr()oved 
base provided with a measuring scale. The movement of tlie stand in this groove 
is effected by means of a worm screw which enables the slit to be so adjusted that 
a very sharply focussed spectrum is obtained while the position of the slit is 
ascertained from the scale. For the purpose of taking photographs of the spectrum 
on a plate, the exit slit may be replaced by a plate-holder of size. 

Concave mirrors. The concave mirrors are of stainless steel having a focal 
length of 25 ems and aperture //4.2. The collimating concave mirror is placed 
at a distance of 25 cnis from the entrance slit. The mirrors are mounted on a 
stand with arrangement for raising or lowering them at will (rack and pinion) 
and also for rotating them about the vertical axis. Additional adjustment faci- 
lities are provided for a tight spring and a movable screw which tilts the mirrors 
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around a horizontal axis. Finally the entire system is fixed to a plate, screwed 
to the base of the instrument by vertical screws and vertical springs, which make 
the base of the mirror capable of slight movements around a vertical axis. 
With these highly flexible arrangements, all possible motions of the mirrors gua- 
rantee accurate alignments and correct optical paths, yet obeying the fundamental 
requirements of rigidity. 

Prism and prism, table. : A 60^ quartz prism 4 (‘ms high, is made by cementing 
together two 30® cornu prisms, one right-handed and the other left-handed The 
overall refracting base of the prism is 7 ems and the prism is placed on a two-fold 
circular prism table with three levelling screws. This is mounted on a vertical 
support provided with a fixing screw to enable the prism table to be fixed at any 
suitable height and position around the vertical axis. A micrometer screw, with 
a large drum-head having 100 divisions, makes the prism table amenable to fur- 
ther small adjustments around the vertical axis and is intended to receive and 
fix any desired spectral range*. This movement may be noted from a straight 
scale held close to the drum head: the desired wavelength region may be extra- 
polated from the reading (jf the s(‘ale accuirately which in turn has been compared 
and calibrated with different spectral lines. 

Plane mirror : The stainless steel plane mirror is clamped on a vertical stand 
held upright by a cylindrical tube fixed to the base of the instrument. The 
mirre^r-stand is rotatable with a jerk-free motion inside the cylindrical tube by 
means of two sets of ball bearings fitted at different heights. Slightly above the 
cylindrical tube which holds it, the mirror-stand has a grooved joint where two 
circular plates are fitted, the bottom one being rivettod to the lower portion of 
the stand. The upj)er plate, containing a fiducial mark, may be rotated slightly 
relative to the lower one containing a graduated scale. This slight motion 
which is very helpful in the final stages of alignment, is actuated by means of 
a slide-screw having movements similar (though differing in mechanical details) 
to those described in connecition with the motion of the prism table. 

Cam- : The plane mirror stand is connected to a shaft (10 cnis). The end 
of the shaft terminates in a small roller having a frictionless drive on ball-bearings. 
The roller rests on a cam rotating the plane mirror by 3®. To eliminate objection- 
able mechanical vibrations, the roller and the eamedges are lined with rubber. 

Camera : The automatic operation of the camera makes it suitable to record 
the one-second sequence photographs of the spectra displayed on the oscillograph 
screen. The camera is coupled with a system, elecd-romagnetically operated, 
which automatically actuates the advance of the film, cocks the shutter to take 
exposure - all in perfect synchronisation with the oscillograph sweep. The cam 
drive of the plane mirror operates a micro-switch which in its turn operates the 
electromagnet system. A magazine of 50 ft. film can be fed into the camera which 
makes it possible to photograph thermoliimineseence spectra of repeated ex- 
periments on the same film. 
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The photomultiplier is enclosed in an alummium casing with a small window 
in front of the photo cathode surface. The space between the photomultiplier 
tube and the casing wall is filled with a dehydrating silicate jelly in order to 
prevent any surface leakage. 

This high gain, low noise photomultiplier of 19 dynodes is run by a highly 
stabilized power unit giving variable voltages from 290-2800 \olts. The outputs 
of the stabilized units are connected to the bleeder circuit (- ve H.T. terminals 
to the photocathode) by means of long, shielflod cables. There is a meter on. the 
front panel of the stabilized power supply to|give directly the voltage applied to 
to the photomultiplier. As the intensity o| the thermoliuninescence spectrum 
is very weak, the photomultiplier out-put ciiirent is very very small (only of the 
the order of 5—10 microamps). This low (|ntput current is properly amplified 
by a high-gain amplifying system. The outf|it of the aiin)lifying system is then 
applied to the vertical plates of the osjllograph. The amplifying system 
has three fixed gains which arc actuaterl by fa band-switch. All the circuit ele- 
jnents are properly shielded. 


For recording temperature during themioluminesccncc a micro-moll gal- 


vanometer, with a time i)ci*i()(l of 0.3 sec., which 
able resistance, is used. The movements of the 


is critically damped with suit- 
galvaiiomeier are rect)rded on 


a strip of 35 mm. film of length 40 cms. The galvanometer exciter lamp is 
operated by a micro-switch coupled with the cxlcrnal sweep of the oscillogi-aph 
ill such a way that when the oseillograiih spot comes to the middle position of 
the oscillograph screen, the mieroswitch is set on momentarily and a spot of 
light from the galvanometer exeilor lamp focussed by a cylindrical lens (40 cms 

long), falls on the film strip. .\i the beginning of each cxjieriment, a spot ui 

the film strip is oVitained at liquid air temperature, which serves as the 
reference spot and the temperature of any suhsequoiit spot can he obtained by 
measuring the distance of the spot, under consideration, from the- reference sjiot 
A few known temperature (starting from liquid oxygen temperature to 300 C) 
spots arc obtained on the film and the distance of eacfi of these spots is ineasur- 
from the reference spot corresponding to liquid oxygen temperature. Then a 
graph, drawn with the temperature in “K against tlio distaiiee of the spot, serves 
as the calibration curve. The galvanometer is placed on a highly insulated 
platform whicTi rests on sand to make it free from vibrations. The galvanometer, 

with the exciter lamp and the film holder, is placed in a wooden chamber under 


the working table. 

The thermoluminescence glow shows variation due to the different ra^ of 
heating of the sample, and, in the initial part of the experiment, the rate of tern- 
perature rise depends on the amount of liquid oxygen present m the specimen- 
holder just at the moment when heating is started. So the sample-holder 
is filled with liquid oxygen up to a fixed height before heating is started. 
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Fig. 3 (a) Thermoluminwrtconoo spectra of KCl excited at 90oK. 
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The experiment is performed in a dark room. After exciting the sample in 
the dark by cathode rays at liquid oxygen temperature for about 10 minutes 
or more, the excitation source is cut off. The high voltage power supply for the 
photomultiplier tube and the heater current of the specimen-holder are switched on. 
The oscillograph spot -movements are watched, and as soon as the vertical shifts 
of the oscillograph spot start, the electro-magnet system of the camera and the 
exciter lamp of the galvanometer are switched on. This is done to save unneces- 
sary wastage of the film. The heating and the recording are continued till the 
entire stored energy is given out and the sample does not give any more thermo- 
luminescence glow. 


EXPERIMENTAL RESULTS 

Pure potassium chloride on bombardment with cathode rays at room tem- 
perature becomes deep blue and the sample fiuoresces weakly. The thermolumines- 
cence glow is too weak for spectrosc^opic analysis — showing that the energy stored 
in potassium chloride excited at about 30()°K is mostly released by nonradiative 
mechanism. But this colour at the temperature of licpiid oxygen looks pinkish. 

The thernioluminescence of potassium chloride excited at consists 

of two strong glow peaks at 120°K and 549®K (apj)roximately) and a weaker peak 
at about 200°K. The peak at 549®K is the strongest . The glow peaks have emis- 
sions at different spectral regions. The first thermoluminescence spectrum at 
1()6®K with peak at 434 m//- is recorded in frame No. 1. There is a gradual 
increase in the height of the peak up to the frame No. 4, wherein it attains maxi- 
mum intensity having peak at 440 m//,, half- width extension of 383 mji — 483 
m//, at a temperature of 120°K. The shape of the bands in frames No. 3-9 appears 
to be changing. This may be due to temperatue shifts towards longer wavelengths 
which is a common phenomenon. In these spectra, weak appearance of longer 
wavelength band is perceptible which becomes stronger in the high temperature 
glow peak. It should be mentioned that exact peak positions of the diffused 
bands are difficult to measure and the measurements become more uncertain 
where the emission intensity is poor; the measurements are more reliable near 
the glow peak temperatures. The emission during the second glow peak (at 
2()0®K) is very poor in intemsity and the corresponding spectral nature is very 
diffusa; this may be seen from frame Nos: 12-21. The peak positions and exten- 
sions cannot be ineasureul properly; it can, however, be said that the spectral nature 
of emission during the second glow peak is not the same as those during the first 
or the third glow peak; emission here consists of short wavelength (blue) part 
only. 

The third glow peak appears at frame No. 22 corresponding to the tempera- 
ture 479‘^K, and it attains maximum intensity in frame No. 29; the spectral 
nature of emission at different stages of this glow peak has been recorded in frames 
numbering 22-36 i.e,, at temperature between 479''K and 619°K. As may be seen 
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from the figure (frame No. 22-36) and table, there are distinct changes in the 
peak position of the thermoluminescence emission band during the third glow peak; 
shifts in the peak positions are not always in the same direction with increase in 
t 3 mperature. At the low temperature end (frame No. 22; temp. 479°K) the emis- 
sion band shows a peak at 610 m/^; near about the glow temperature (frame No. 
28 — 29; temperature 439°K— *549®K) the thermoluminescence is comparatively 
rich in longer wavelength emission and shows a peak at 525 m//; at still higher 
temperature band maximum shifts towards short wavelength, e.g. at 619°K 
band maximum is at 513 m//, j 

TABLE I 

Potassium chloride excjited at 90°K. 


Frame No. 

Pe^ak 

m/i 

tlslf-width 
' mM 

Temporatun* 

1 

434 

— , 

106 

2 

432 

38.5—481 

no 


590 



3 

432 

372—483 

115 

4 (Max) 

440 

38.3—483 

120 


.590 



f) 

430 

380—483 

125 

6 

430 

380—483 

131 

7 

409 

— 

137 


448 



8 

409 

-- 

145 


448 



9 

430 

— 

153 

10 

440 

— 

161 

11 

440 

— 

169 

12 

440 

— 

177 

13 

440 

— 

185 

14— 2 J 

(Max. at 200^ 

K corresponding to Frame No. 15) 

22 

510 

— 

479 

23 

513 


489 

24 

513 

455—582 

499 

2.5 

513 

453—582 

.509 

26 

5J3 

4S3— .582 

519 

27 

513 

453 -582 

529 

28 

525 (out of flcakO 

539 

29 rMax) 

525 (oii^ of scale) 

549 

30 

525 

462—580 

559 

31 

520 

462—580 

569 

32 

518 

456—602 

579 

33 

515 

4fl]— 602 

589 

34 

515 

451—602 

599 

35 

513 

451—602 

609 

36 

513 

— 
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Dutton and Maurer (1953) have measured the electrical conductivity of X- 
rayed potassium chloride during heating of the sample from the low temperatures 
and have found two conductivity peaks (temp. 128°K and 206“K) associated with 
changes in colour centres. They have also noticed thermoluminescence accom- 
panying the conductivity peaks. 
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They have ascribed the peak at 128®K to the destruction of Fj-band. 
Sharma (1952) has found that the F^^-band disappears with the peak at 205®K; 
which Dutton and Maurer have ascribed to i^'-centre. But in our measurements 
it is found that the peak at about 200°K is the weakest of the three. Dutton and 
Maurer have worked with single crystal while Sharma has used powdered sample. 
Sharma detected the bleaching of the bands by measuring the total diffuse re- 
flectance of light moiiochromatised by filters. Further, the thermoluminescence 
curves for potassium chloride recorded by Sharma as also by Bose (1955) are dis- 
tinctly different from that observed in the present investigation. The second glow 
peak at 2()0‘^K is very poor in intensity compared to the first and third glow peaks, 
whereas the second glow peak is very strong compared to others in the measure- 
ments of Sharma and Bose. This difference in therm oluraineseence characteristics 
may be due to thermal history of the sample and is not well understood at present. 
The results of the present measurements have better agreement with those of 
Dutton and Maurer: as such bleaching temperatures reported by these authors 
are only taken into consideration to interpret the thermoluminescence glow of 
potassium chloride. 


13 J S C U S S 1 O N 

Thermolurainescence emission during the first glow peak (120°K) seems to be 
changing in spectral character with increasing temperature and the short wave- 
length part (band maximum at 440 m/i) is much more intense compared to longer 
wavelength baud with maximum at 590 m/^ (the 590 m// is only just perceptible 
in the spectrum). In the next glow peak (at 200®K) the emission is poor and the 
long wavelength part is no longer perceptible. During the third glow peak (at 
about 549°K), one of these bands seems to be present in the emission and a strong 
long wavelength band with maximum at 525 m// is observed instead. Thus most 
of the energy is released during tliis high temx)erature glow i)eak. The study of 
diffuse reflectance measurements show that the highest glow temperature (549*^ K) 
of potassium chloride is coincident with the bleaching temperature for F-centres. 
In this case also we find that bleaching of F-centres is somehow related with ther- 
moluininescence emission, although it is known that optical excitation in F — band 
does not produce any luminescence. The other two glows peaks occur at the 
bleaching temperatures of and F'-centres. The difference in the spectra 
leads us to the conchision that the responsible emission mechanisms must be 
different in each case. 

Excitation of potassium chloride at 300®K reduces the luminescence efiSciency 
considerably, so that, on bleaching, intensity of emission is too poor to be recorded. 
The effect is due to the non -radiative energy levels provided by the higher agree- 
gates of F-centres which are more likely to be produced in this temperature 
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range. This is a general behaviour with almost all the alkali halides (i.e.. intense 
colouration always reduces the luminescence intensity). In the case of potassium 
chloride, the effect is very pronounced for excitation at room temperature (300°K). 
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DIPOLE MOMENTS OF TRI-SUBSTITUTED BENZENES. 

PART I 

D. V. G. L. NARASTMHA RAO 

Physich Department, Andhra University, Waltaib 
{Received for publication, August 27, 1966) 

Following the author’s previous work on tri-substituted benzenes (Rao, 
1965-56) the dipole moments of a few other similar molecules (the substituent 
groups being Cl and NOj) are determined in solution in benzene at 30°C, The 
calculations are extended to include 1,2,3 substitution also. The results are pre- 
sented in the following table. 


TABLE 


Compound 

r 

2, 4-Dichlorotoluene 

observed 

calculated 

1.96 D 

1.95 

2, 6-Dichlorotoluene] 

1.11 

0.75 

3/4-Diohlorotoluene 

2.96 

2.82 


4.Chloro 2-Nitrotoluene 

.3.63 

3.68 

ms 

6-Chloro 2-Nitrotoluene'] 

2.96 

2.83 

4-Chloro][3-Nitrotoluen6 

4.82 

4.88 

6.Chloro 3-NitrotoluQiie 

3.11 

2.92 

2*Chloro 4-Nitro toluene 

4.06 

3.88 


It will be seen from the table that the agreement between the calculated and the 
observed values is satisfactory. 

Pull details will be communicated shortly. 
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ABSTRACT. A simple furnace has boon c|i&8ignod and constructed for organic 
phosphor-crystals. The furnace is described and its mfide of operation explained. Conditions 
for good crystal growth are discussed. ^ 

I 

INTRODUCTION 

Organic compounds, like anthracene, stilbene, diphenyl, etc. are now commonly 
used for detection of nuclear radiations when they are used in conjunction with 
photomultipliers. There are throe main features which a phosphor must possess 
in order to be useful as a radiation detector, viz. (a) the material should be crystal- 
lisable in big form so that the mass absorption coefficient for y-rays is high, 

(b) the fluorescent band produced by the phosphor when excited by the incident 
radiation should correspond to the spectral response of the photomultiplier tube, 

(c) the scintillation decay time should be very small. A simple arrangement 
for growing faii'ly large-size organic crystals which conform to the above three 
features to a quite satisfactory extent and can be conveniently used for detecting 
alpha, beta and gamma rays is presented in what follows. A review on the 
mechanism of crystal growth has been published in the Proceedings of Faraday 
Society (1949), No. 5. 

Growing of organic crystals for scintillation counters is greatly affected by 
the state of purity of the sample used. It has been found that the same material 
of different manufacturers exhibits different spectral characteristics. Purity of the 
sample is also important for growing big single crystals. So when samples of 
of requisite purity are not readily available they have to be purified by the ab- 
sorption chromatographic methods. It is also important to remove the suspended 
impurities. Because of the great importance of these crystals, crystal growing 
has undergone extensive research, theoretical and experimental in all industrial 
countries. The review of such works can be found in literature. But in most 
cases technical details are lacking. In the present work we have presented the 
details as far as necessary. 

*Part of this work was reported at the Indian Science Congress in January 1956. 
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In general organic cyrstals can be grown or from melts ; for 

our purpose the latter is most suitable and can accomplished in two ways 
(a) the stationary crucible method (Stockberger, 1936, Huber, 1949) and (b) the 
dropping crucible method (Leninger, 1952). A furnace was erected earlier follow* 
ing the method (a). The temperature control had to be done manually which 
is extremely tedious. 


Later another furnace has been developed using the method of dropping 
crucible. The same principle has been employed by Leninger for growing stilbene. 
The furnace developed here is much more simple and can be employed for grow- 
ing any organic sample having a melting point less than 250'^C. The dropping of 
the crucible was initially automatically controlled by a water-clock which was 
later replaced by a motor and gear arrangement. 


DESCRIPTION OF THE FURNACE 

The furnace is described in figure 1. (1) is the melting furnace and consists of 
a copper tube of diameter 2" and length 13.5" on which nicrome wire has been 
evenly wound keeping proper insulation and the whole of it again is wound by 
asbestos paper. (2) is the annealing furnace made of pyrex tubing of diameter 
3" and length 19.5" with nicrome wire wound around it. (3) is the crystallising 
furnace described separately, (4) are soft glass envelopes of diameter 4.8"(4a) is 
pyrex tube within which the container with the grown crystal rests at the end. 
(6) is the wheel which supports the crucible through a wire, and the spindle of 
the wheel is connected to a motor and gear arrangement (6) whi(*.h controls the rate 
of fall of the cruicible. The whole arrangement rests on a base plate (7) and cast 
iron structure (8). The current in the two furnaces are separately controlled by 
two variacs (9). The indicator lamps (10) show whether a furnace is running and 
the meter (11) records the current. It has been found that during the process of 
crystallisation the slightest mechanical shock given to the crystal container 
disturbs the crystal growth and as such the whole arrangement has to be made 
shock-proof. This is achieved by placing the furnace on sand kept in an wooden 
box of proper size, the box itself, in its turn, being placed on shock-absorbing 
rubber-studs (not shown in the diagram). 

The crystallising furnace is shown in figure 2. In the crystallising furnace 
the spece between the melting furnace and the annealing furnace is enclosed with 
heat-insulating material like asbestos. There are two thick brass plates (a) and 
(5) at top and bottom clampped to syndenio plates (c) and (d) and with a thin 
walled copper cylinder (e). The whole enclosure is packed with asbestos keeping 
space for (i) the crystal container to drop vertically at the centre, (ii) a dimetrical 
hole (/) by which the crystal growth can be seen and (iii) three small horizontal 
holes for inserting thermocouples to measure temperature. In the viewing hole 
mica sheets provide heat insulation. 
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''' ^ 1 ^ 1 ^ 

The sample from which the crystal has to be grown is distilled in an arrange- 
ment shown in figure 3, under reduced pressure. The crystal container of pyrex- 



Fig. 1 

tubing also shown in figure 3 is taken out and sealed. The conical shape of the 
bottom has been found important and necessary as it facilitates the growth of the 
seed crystal. 

The temperature characteristic of the crystallising furnace is first studied for 
various values of the currents flowing through the melting furnace and the anneal- 
ing furnace. It has been found that the temperatures become steady in about 
four hours and any steady temperature gradient can be maintained inside the 
crystallising furnace and that is not much affected by the daUy variation of the 
room temperature. The rate at which the container is lowered is also measured 
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and this rate is controlled by the rate of water drops falling at (6) of figure 1. It 
is not difficult to obtain a rate of falling of the container equal to 1 /8* per hour. 



Fig. 2 Fig. 3 


Growing of the crystal: The sample sealed in the container is hung by means 
of a fine wire from the wheel above (5) in figure 1, through a fine hole at the centre 
of the syndenio plate at the top of the melting furnace. The furnaces are mounted 
vertically so that the container can reach the bottom without touching the sides 
anywhere. Initial position of the container in the melting furnace is adjusted 
by putting requisite amount of water on the water-float bath. The furnaces are 
then started. The melting furnace should be set at about 10®C above the melting 
point of the sample so that the sample is brought into the liquid state. At a tem- 
perature about 3°C above the crystallising temperature the molten mass comes 
to a viscous state and it has been found that good crystals can not be grown if 
we start from this state. In the case of diphenyl it is kept at 85®C (melting point 
71°C). The temperature at the top of the crystallising furnace has to be kept 
at about 75®C, 69®C at the middle and about 60® at the bottom. The correspond- 
temperatures for stilbene are 130®C, 120°C and 103®C respectively. In / >ur 
case copper-constantan thermocouples have been used to measure these 
temperatures. Occasionally, during the growth of the crystal these temperatures 
have to be checked. The thermo-e.m.f. measurements have been made with 
a Tinsley potentiometer within an accuracy of ±0.6°C. 
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With the help of this apparatus single crystals of stilbene and diphenyl have 
been grown. Fairly large crystals of diameter upto 1* and length 3" have been 
grown. After cutting and proper polishing they have been used in conjunction 



•tig. 4. Photograph of an un])oliahtM:l atillione phosphor. The scale ie in inches. 

with photomultipliers where they have given sat.isfactory service. A photograph 
of the crystal is shown in figure 4. 
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ABSTRACT. Ultraviolet al')8orption spectra of 0.2% and 40% solutions of ortho-, 
meta- and para-bromotoluene in isobutyl alcohol in the liquid state and in the solid state at 
have been investigated and the results have been compared with those obtained 
in the case of pure substances in different states, as reported by previous workers. The 
splitting of the absorption bands in the case of ortho- and meta -hromo toluene in thti solid 
state observed by previous workers is found to be absent in the case of 0.2% frozen solution, 
hut the H})eotrum due to 40% frozen solution in each case shows broad band system which 
see^ms to l)o composed of two systems of bands, one due to 0.2% frozen solution and another 
duo to the pure substance in the solid state. The absorption Sf)ectrum of 0.2% solution 
of para-bromotolueno re.semblofl that due to the vapour and that due t o 40% solution resem- 
bles that due to the pure liquid. Tlic absorption spectra of frozen solutions of the para 
eompoimd do not show any splitting as in the case of pure' crystals. It has boon concluded 
that splitting of the absorption band is not duo to lattice field but may be due to the -presence 
of strongly assymetric groups of molecules in the crystals. 

INTRODUCTION 

The ultraviolet absorption spectra of the solutions of ortho-, meta- and para- 
ohlorotoluene in isobiityl alcohol in the liquid state and in the solid state at — 1 80°C 
wore investigated recently (Roy, 1956) in order to find out the influence of en- 
vironments on the nature of absorption spectrum of the molecule in the solid state 
at — 180°C. In the case of the pure ortho-and meta compounds in the solid state 
at --180°C, Swamy (1962) observed splitting of the band systems, while in the 
case of the solution in the solid state no such splitting was observed (Roy, 1966). 
It was concluded that when the molecules are surrounded by similar mblecules in 
the solid state the influence of the intermolecular field is largest, because owing 
to presence of permanent electric moment the molecules become strongly associated 
with each other through virtual linkages and such association causes splitting of 
the energy level. But in the case of the frozen solutions of ortho- and meta-chloro- 
toluene the molecules are highly dispersed as single molecules and so the influence 
of the intermolecular field due to molecules of the solvent is not large enough to 
cause a splitting of the energy level. 

* Communioated by Prof. S. C. Sirkor. 
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Swamy (1953) studied the ultraviolet absorption spectra of ortho-and para- 
bromotoluene in the solid state at — 180°C. In the case of ortho-bromotoluene 
each absorption band was found to be split up into three eonipoiients, while in the 
case of para-bromotoluene no much splitting was observed. Recently, Sen (1966) 
studied ultraviolet absorption spectra of meta-bromotoluene both in the liquid 
and solid states at — 180°C and observed splitting of the energy level as in the 
case of the ortho compound in the solid state, f 

In order to study how the environments ;|^ffect the intermolecular field when 
these substances are dissolved in suitable g|)l vents in various proportiruis and 
frozen and cooled to — 180°C, an investigaibion of the ultraviolet absorption 
spectra of frozen solutions of ortho-, meta-|0tnd para bromotoluene in isobutyl 
alcohol of different concentrations was uudetlakeu and the results which are dis- 
cussed in the pres mt paper support the contusions drawn earlier (Roy, 1966) 
that the splitting of the energy level is due |io formation of associated groups of 
the molecules in the solid state. \ 

E X P K K I M E N T A L 

The experimental arrangement in the present investigation was the same as 
that described in the previous pax^cr (Roy, 1966). The bromotoluenes were of 
chemically pure quality. The purity of isobutyl alcohol used as solvent was tested 
bj^ studying its absorption spectrum. All the li(juids were distilled under reduced 
pressure before use. Solutions of two different concentrations were studied. 
In each case solutions of strength 0.2% and 40% were used. When the dilute 
solution was frozen it was transparent and homogeneous. In this case the 
absorption cell, described in the previous investigation (Roy 1966) was used. 
The 40% solution was translucent in the frozen state. In this case the absorption 
cell used was the same as that used by Swarny (1952), but the thickness was con- 
trolled by using aluminium foil of thickness of the order of .01 nun. A hydrogen 
discharge tube running at 3 KV served as the source of continuous spectrum. 
Spectrograms were taken on Ilford HP3 film. Mic-rophotometric records of these 
spectrograms were taken with a Kipi> and Zonen tyi>e self-recording mic;roi)hoto- 
meter. Iron arc spectrum was recorded on each spectrogram as comj^arison. 
The frequencies of the absorption bands were measured with the help of these 
microphotometric records of the absorption 8|)ectra in which records of the two 
known iron lines were taken as reference lines, and the records of the iron arc 
spectrum. 

R E S U L TiB 

The microphotometric records of the spectra are reproduced in figures 1, 2 
and 3 and the wave numbers of the bands and their probable assignments are 
given in Tables I, II, III, IV, V and VI. 
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V in cm -^ •— > 

Fig. 1. Michoi)hotomotric records of the ultraviolet absorption spectra 
of solutions of o-broraotoluene in isobutyl alcohol. 

(a) 40 % Frozen solution at — • 180®C 

(h) 40 % Solution at 30®C 

(c) 0.2 % Frozen solution at — 180°C 

(d) 0.2 % Solution at 30®C 
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36000 38000 40000 


p in cm-i - 

Fig. 2. Micrbphotometrio records of the ultra- 
violet' absorption spectra of solutions of 
m-bromotoluene in isobutyl alcohol. 

(а) 40% Frozefi solution at — ISO'^C . 

(б) 40% Solution at 30°C 

(c) 012% Frozen solution at — 180®C 

(d) 0.2% Solution at 30®C. 


1 



36000 38000 40000 


p in cm'i — ^ 

Fig. 3, Microphotomctric records of 
ultraviolet absorption spectra 
of p-bromotolueiic and its 
Holution in isobutyl alcohol. 

(a) 40% Solution at r- 180°C 

(b) 40% Solution at 30X 

(c) 0.2% Solution at - 180®C 

(d) 0.2% Solution at SO'^C 

{e\ p.Bromotoluenir at — 1S0®C 
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TABLE I 

Absorption spectra of o-bromotoluene 
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TABLE III 


Absorption spectra of m-bromotoluene 


Vapour (Sen, 1956) 

Pure liquid 
(Sen, 1956) 

Soln. in isobutyl alcoliol (Present author) 


o 

40% 

r in Assign- 

cin“^ xnent 

p in Assign- 

cm-i ment 

p in Assign- i 

ment ! 

p in Assign- 

ment 


86369 (b) 

ro~197 

36197 (s,b) 

Vo 

3636< (a) 

Vo 

36286 (s) 

Vo 

36526 (vs) 

Vo 



36821 (w) 

>'0+465 



36987 (xn) 

>'0 + 461 

37223 (8,b) 

Po I-1026 

3733i^ (h) 

ro+964 

37246 (s) 

ro4*960 

37492 (s) 

i»o+966 



376a| (m) 

^0+1188 



37730 (m) 

1^0+1204 

38247 

(m,a,b) 

>'0 + 2 X 
1026 

37781 (m) 

4554 

964 

38201 (m) 

ro^ 2x 
960 





38302 (m) 

ro 4 - 2x964 





39277(w,b) 

ro + Sx 
1026 

392S6 (w) 

ro + 3x964 39160 

>'0+8 X 
960 


TABLE IV 

Absorption spectra of r»-broniotoluene 


Pure Solid (Sen, 1966) 


Frozen soln. in isobutyl aleohol (Pr(»eont author) 


0 . 2 % 


40% 


in cm-i 

Assignment 

p in cm‘i 

Assignment 

p in cm ' 1 

Assignment 

36123 (m) 


36485 (V,8) 

Vo 

36485 (8,b) 

Vo 

36570 (v,s) 

Ao 

.36917 (v,w) 

Pn 4' 432 

36917 (s,b) 

Fo+432 

37004 (fl) 

Bo 





37108 (m) 

Oi 

37456 (8) 

>'0+071 

37456 (s,b) 

ro+071 

37554 (m) 

Ai 

37667 (m) 

ro+1182 

37667 (8,b) 

ro4971 + 432 



37882 (m) 

Fo 4" 432 4" 071 



37992 (ms) 

Bi 





38098 (w) 

Co 

38420 (m) 

X 971 

38420 (m,b) 

Fo+2x971 

38541 (w) 

A, 

38613 (m) 

Fo4-971-M182 



38982 (ms) 

Bo 

38851 (w) 

ro+2x 971 + 432 




39404 (w) 

ro + 3x971 





40361 (w) 

1.0+4x971 
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TABLE V 


Absorption spectra of p-bromotoluen© 


.Vapour (Swamy, 1963) 

r 

Pure liquid 
(Swamy, 1953) 

Solution in isobutyl alcohol (Present author) 

0.2% 

40% 

. V in Assign- 

cin~i mont | 

V in Assign- 

cm-”! ' 

V in Assign- 

cmi meat 

p in ' 
cmri 

Assign- 

ment 



36803 (V8,b) 

Vo 






35986 (s) 

Vo 

35947 (s) 

Vo 

36173 

Vo : 

36764 (m) 

Vo + 768 




36827 (a) 

ro+ 1025 




36928 

1^0 + 766 

36998 (a) 

ro+1012 

36967 (s) 

ro+1010 

37189 

i/«+1016 





37767 (m) 

I'D + 768 




37849 (w) 

>^0 + 

1-1012 

37968(m) 

Vo-\- 



2x1025 



2 X 1010 

37964. 

ro+766 






+ 1016 

38011 (m) 

»-fl+2xl012 


38205 

Vo-\^ 






2X1016 



38989 (w) 

Vo + 



39020 (w) 

^0+ 3 X 1012 

3x1010 


TABLE VI 

Absorption spectra of p-bromotohiene 


Pure solid 

Present author 

Frozen solution in isobutyl alcohol (Present author) 

- 0.2% 

40% 

V in cm-i Assighniont 

V in cm-i Assigmnent 

v.in cm"^ Assignment 


36129 (vs) 
36903 (m) 
37150 (s) 
37925 (w) 
38154 (m) 


Vo 

*^0+774 
1^0 ~ 1 " 1021 
1^0+774+1021 
r„ + 2xl021 


36852 (m) 
37081 (s) 
37871 <m) 
38083 (m) 
39096 (w) 
40116 (w) 


Vo 

ro + 788 
1^0+ 1016 
Vo +788+1016 
ro + 2xl016 
1^0 + 3x1016 
i»o + 4x 1016 


36129 (v.s) 
36903 (m) 
37150 <8) 
37926 (w) 
38166 (m) 
39176 (w) 
40200 (w) 


1^0 + 774 

rp+1021 

i^p+ 1021 +774 
Vq + 2 X 1021 
Po+S X 1021 
Vo+4xl021 


DISCUSSION 

o-Bromoiohiene 

It can be seen from Tables I and JI that in the case of 0.2% solution of 
o-bromotoluene in isobutyl alcohol in the liquid state, the position of the 0,0 band 
da BhUted^ Awards shorter wav^dimgtba Irem the pos ition of - th e O^O -band due to 
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pure liquid by 60 and from its position in the vapour state by 342 cm*^^ 
towards longer wavelengths. Thus the influence of the solvent molecules is a 
little smaller than that due to the molecules of the pure substance. When this 
solution is frozen the 0,0 band shifts by 130 cm towards shorter wavelengths. 
On comparing the absorption spectrum of 0.2% frozen solution of o-bromotoluene 
with that due to the pure substance in the solid state as reported by Swamy (1063), 
it is found that the splitting of the band system into three systems observed in 
the case of the crystals of the pure substance does not take place in the case 
of 0.2% solution in the solid state. But the 6,0 band due to the frozen solution 
is shifted by about 208 cm”^ towards longer Wavelengths with respect to the 0,0 
band due to the vapour state. This shift of tjie 0,0 band shows that in the solid 
state the alcohol molecules surrounding the io-bromotoluene molecules exert a 
strong influence on the electronic energy levj^l of the molecule, but the energy 
level is split up into three components only frhen the' o-bromotoluene molecules 
are surrounded by the same molecules. The Absorption spectrum due to a 40% 
solution of o-bromotoluene in the solid state shows that in this spectrum, the band 
system due to the pure substance in the solid state is superposed on that due to 
0.2% solution in the frozen state. These results could be interpreted by assum- 
ing that the splitting of the bands is caused by the lattice field in the 
crystals of the pure substance and as the molecules are dispersed in the 0.2% 
frozen solution the lattice is absent and the splitting does not occur. If the 
above assumption were correct, it would be necessary to conclude that in 
40% solution at — 180°C some crystallites of the pure substance are present. 
Attempts were made to find out whether small crystals of o-bromotohiene 
separate out when the 40% solution is cooled. It was found, however, that 
the whole mixture freezes almost simultaneously and the frozen mass appears 
to be opaque. This shows that the molecules of o-bromotoluene are mixed up 
with those of the alcohol in the solid state. Probably most of them remain in 
small groups of associated molecules in the 40% frozen solution and as single 
molecules in 0.2% solution, so that the latter appears to be quite transparent 
while the former is opaque owing to the difference in the refractive indices of the 
groups of o-bromotoluene molecules. Hence it is to be concluded that the splitting 
of the energy level is due to the formation of such groups in 40% solution at 
— 180°C and in the pure crystals of o-bromotoluene. 

m-BrcmoMtiene. 

It can be seen from Tables III and IV that in the case of 0.2% and 40% 
solution of m-bromotoluene in isobutyl alcohol in the liquid state the 0,0 band is 
displaced by about 160 cm-^ and 240 cm-i respectively towards longer wave- 
lengths with respect to its position in the spectrum due to the vapour phase. This 
shift in the case of the pure liquid is about 323 cm“i. In the case of 0.2% solu- 
tion the bands can be assigned to progressions of excited state frequencies 456, 
964 and 1188 cm**^ as in the case of the vapour, but the spectrum due to 40% 
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solution in the liquid state resembles that due to the pure liquid with the difference 
that the excited state frequency 1026 cm”*^ in the liquid state diminishes to 966 
cm~^ in the case of 40% solution. When the solutions are frozen and cooled to 
— 180°C, the 0,0 band due to 0.2% solution shifts further towards its position in 
the vapour state while that due to 40% solution seems to be a broad band 
composed of the 0,0 band due to the frozen 0.2% solution and that due to the 
pure crystal. In this case also the molecules are probably present in small groups 
as in the case of ortho compound. 

p-Bromotoluene. 

It can be seen from Tables V an VI that the absorption spectra of 0.2% 
solution of |?-bromotoluene in isobutyl alcohol can be assigned to progressions of 
two excited state frequencies 768 cni~^ and 1012 cm"' as in the case of the vapour. 
The absorption spectra due to 40% solution is almost similar to that due to pure 
liquid, the bands due to the progressions of excited state frequencies 755 cm"'^ 
being absent. The displacement of the band system with the changes of state 
observed in this case is miuh smaller than that in the case of the ortho-or meta 
compound. Also the spectrum due to the pure crystals does not indicate any 
splitting of the bands observed in the case of the other two isomers. If the 
splitting w’ould be due to the lattice field, it would take place in this case also. 
So the absence of any splitting in this case indicates that the splitting is not due 
to lattice field, but it is due to presence of strongly asymmetric groups of mole- 
cules in the crystal. Probably, owing to the small value of dipole moment in 
the p-bromotoluene molecule, the molecules do not form large groups of associa- 
ted molecules. The small shift of the 0,0 band with liquefaction of the vapour, 
however, indicates that ihe inlernudecular field has a small influence on the 
position of 0,0 band and Ihis may be due to the formation of small symmetric 
groups. In the solid state the regular distribution of such groups around any 
molecule may diminish the resultant intermolecular field acting on the molecule. 

Investigations with other liquids are in progress. 
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EFFECT OF BACKGROUND INTENSITY ON RESOLVING 
POWER OF LUMMER GEHRCKE PLATE AND 
TRANSMISSION ECHELON 
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ABSTRACT. This communication discusses |he effect of background intensity on the 
resolving power of Lummer-Gehrcko plate and traltsmission echelon. A tabki and five 
figures illustrate the variation of resolving fiowor witl^ background int<*nsit.y ioi* various values 
of Ne and a. | 

I NT KODUCTION 

Sodha (1954) has discussed the effect of background intensity <>n resolving 
power of prism, grating, reflecting echelon ajid Fabry Perot elalon, when natural 
line width is negligible on Rayleigh’s criterion I’or resolution of spectral Mnes. 
In this paper the effect of hackgromid intensity on resolving power of jAininier- 
Gelireke plate and transmission echelon has beeni nvesiigated. 

INTENSITY CONSIDERATIONS 

The intensity distribution of a spec^t i al line diffracted by a Lummer-Gehvcke 
plate (Sodha, 1962) and transmission echelon (Sodha, 195.‘1) is given by 

/' (i_„JV)24.4a^sia“iVyff ... (j) 

~ sin* yff 

where N is the number of interfering beams, 

2/S is the phase difference' between two adjacent beams, 
a = e"**/*, t being the height of a step and k the absorption coefficient of 
the material for transmission echelon, 

and a = jBc "****® B being the reflecting coefficient and < the thickness 
in case of L.G. plate. 

The intensity distribution of another line of the same intensity and angular 
separation Afi is given by 

r (l-ay)«-|-4oJ^ sin * 

(1— a)*+4a sm*(/?— A/?) 
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( 2 ) 
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Hence the resultant intensity pattern of the two lines in presence of a back- 
ground intensity, k times the intensity maximum of the two lines, is 

(1 Iq fo 


““(1— a)2 ■" nixi^ (1 — a)24*4a sin^(>?— A/?) *” ' 

The maxima (fi ~ mn or mn+/S,fi) and minimum (/6? = m7r4*A/f/2) of the 
resultant intensity pattern are given by 


/q (I -(lY ^ (l --a)^4 4a sin® A/^ 


and 


^min _ ^ (1-a^)^ ,2 (l”-«'")"+4^'"8in2Ar(A/?/2) 
^0 ‘ (l-a)2+4a sin2 (A^/^)" 


... (4) 


( 5 ) 


K E S O L V I N C3 POWER 


Applying Rayleigh’s criterion for resolution 


= 0.8 


* mnx 


and putting 



we obtain 

u __ (!-«)* f4(l-aJ>^)* ,4^ (l_ai^)*+4a-»^ sm^NnlN,) 
(l-aJy)*\“(l-aj* (l-a)*+4asin*(7r/2lV„) 


( 6 ) 


in (1 -a")^+4a^ BiTfi{Nnl2Nt )'\ 

(l-o)*+4o sm\nl2N^) J — v / 

From Eqn. (6) the resolving power of Lummer>Gehrecke plate (Sodha, 1962) 
and transmission echelon (Sodha, 1953) in the m-th order can be easily shown to 
be given by 




m- 


2t ] 
ooflf * j 


(8) 


for L»G. plate, 
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Values of k for different (N, a) combinations. 
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... (9) 


for transmission echelon. 


Table I gives the relationship betwen and k for various values of N and 
and a as calculated from Eqn. (7). The results have been illustrated in figures 
1, 2. 3, 4 and 5. 


Fig. 1. Variation of Ne witli k for N 
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Fig, 5 Variation of with k for N =60. 
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’* ** 6 : There is an asterisk above (a—a^min) 

’* •’ 8 heading : read 

lo 
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ABSTRACT. In this note the expression! for the induction drag experienced by 

(1) a uniformly magnetised sphere moving in an invl^id, incompressible, conducting fluid, and 

(2) an infinitely conducting sphere moving in an inaompressible, inviscid and conducting fiuid 
under the infiuence of an external uniform magnetic field are derived, subject to the codi- 
tion thai^the currents do not seriously modify the magnetic field. It is found that the medium 
behaves as if it possesses viscosity of the order o;^ (<f/c-)Ho2u‘‘*. A comparison with viscous 
drag shows that the induction drag plays an important role when the condition, 

Ho.a > Cjs/ rila , 

is satisfied. A possible application and linutations of the results are discussed in the last* 
section. 

INTRODUCTION 

The electromagnetic induction gives rise to manyJintereBting phenomena. 
Tf a conducting material, for example, moves through a magnetic field, electric 
currents are induced in the material. These currents interact with the permanent 
magnetic field to produce a force called “induction drag’. Again a Sphere moving 
in an inviscid, incompressible fluid would expereience no resistance in the absence 
of external forces. On the other hand, if the hydrodynamic motion takes place 
in an electrically conducting fluid in the presence of a magnetic field, it will ex- 
perience a resistance on account of the above mentioned interaction. The folhjw- 
ing two cases are of immediate interest: 

1) The motion of a uniformly magnetised sphere (of intensity Hq) in an 
inviscid, incompressible fluid of electrical conductivity <r. 

2) The motion of a sphere of infinite electrical conductivity (and zero 
magnetic permeability) in an inviscid, incompressible, fluid of electrical 
conducti- vity or, under the influence of an external permanent uniform 
magnetic field Ho 

For all points external to the sphere, in either case, it behaves as if a dipole 
of moment fi{=HQa^l2) were placed at the centre of the sphere with its axis 
(1) parallel to the field in the first case, and (2) antiparallel to the field in the second 
case; 'a* being the radius of the sphere. If // is the dipolar field at any point P, 
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(external to the sphere) then the hydrodynamical motion of the sphere interacts 
with the field H to produce the induced electric field E given by 

£== ^-(vxH). ... (1) 

c 

The induced electric field E generates currents of density 

... ( 2 ) 

The currents thus generated raise the temperature of the fluid. The energy 
dissipated in this way is characterised by the function, 

(f>^((Tlc^)(vxH)^. ... ^S) 

• 

The total rate of dissipation of energy is obtained by multiplying the dissipation 
function <f> with the volume element surrounding the point P, and integrating 
throughout the fluid. The principle of conservation of energy requires this 
energy to come from the system itself. Tf JB is the resistance experienced by the 
sphere, then the rate of energy dissipation must equal Rv; whence R is readily 
calculated. In the next two sections the expressions for translational drag and 
resisting moment of the sphere moving under the specified conditions are obtained. 
The last section deals with the discussion of the results obtained and their limita- 
tions. 


TRANSLATIONAL DRAG 

Consider a dipole of moment fi {=H^a^l2) moving with uniform velocity 
t? in a direction parallel to the dipole axis. It will be convenient to adopt the 
spherical polar coordinates with the origin at the centre of the sphere, such that 
the vector r makes an angle 9 with the direction of motion. Then the components 
of the magnetic field H at any point Hir, 6, 0), and the components of velocity 
are: 


V (r< a) .. 

v,. = v cos 6, •— V sin 9, = 0. J 

The induced electric field E is given by 


. (^) 


V, = B, = 0, E, = sin (9 cos (9. 

* 2cr* 


( 6 ) 
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The current density j has the components 


if ==i. = 0, sin e cos d. 


so that the energy dissipation function ^ becomes 


^ — sins* 0 cos^ d. 

The rate of energy dissipation is then given by 

TT « 

«.= { j 


0 a 


- sin^ d 008^ 0 . 27rr^ sin 6 dO dr, 

4cV® ^ 


... ( 6 ) 


(7) 


^ {2nl6){(Tlc^)HlaH^, ... (8) 

(Since the term involving r in the integrand is 1/r^, the upper limit of r, to a good 
degree of approximation, is taken as infinity). From (8) the expression for the 
resistance iJ, viz., 

R (27Tl5)((rlc^) Hla% ... (9) 

is readily obtained. The expression (9) can also be obtained by calculating the 
retarding force on the dipole due to the currents given by (6). 


11 OTA T ZONAL INDUCTION DKAG 


Consider a dipole of moment /e(= H^a^l2) rotating in an incompressible 
conducting fluid with a uniform angular velocity o>. Then the components of the 
magnetic field H at any point P(r, 0, <f>) and of the velocity v are : 

Hr = COS 0, H, = ^ sin 0, H, = 

2r» (lOj 

Vf — Q, V, = 0, Vf = ro>. 


The induced electric field E produced by the interaction of hydrodynamical motion 
and the magnetic field has the components 


Er' 


?^sind, coH^, 


2cr* 


E,^- 


... (11 


so that 

E = [ 1+ cos* e 1 * 

2cr* L ^ J 


(12) 
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This induced electric field E generates currents of density' 
3 = <rE^ [ 1 + 

and the energy dissipation function ^ is given by 


... (16) 


... (16) 

J)ISCUSSION 

The resistance experienced by a sphere of radius a moving uniformly with 
velocity v in a fluid of coefficient of viscosity tj is given by stokes law, 

= %7T7jav, ... (17) 

while the opposing moment to a sphere rotating with angular velocity is given 

by 

Dj = 8 7n/a®o>. ... (18) 

Equations (9), (16), (17) and (18) combine to give the expressions for total drag 
and opposing moment of the sphere moving in an incompressible, viscous and 
electrically conducting fluid, viz: 

R' = 6nav [^+ ^ ((r/c*W «*] - (19) 

said D' = 87ra®e» ^((r/c*)frSo*j. ... (20) 

The expression ((r/c®)ff|a* has the dimensions of viscosity, and may be legitimately 
called ^electro-magnetic viscosity\ The numerical coefficients of this term in the 
parentheses of (19) and (20) suggest that, unlike ordinary viscosity, electro-mag- 
netic viscosity is anisotropic in nature. Further, the inductive viscosity is im- 
portant when the inquality, 


The rate of energy dissipation is then given by 

(tr/c*) ^0* 

whence the rotational resisting moment D is 




ja satiafied. 


> C‘\/Tfl<r, 


... ( 21 ) 
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Under the action of inductive viscosity, the kinetic energy of a body of mass 
w, radius a, and magnetic moment ^ moving in a fluid of electrical conductivity 
cr would fall to 1/e-th of its value in a time 

T ~ . . . (22) 

We speak of r as the decay time. For values of the various parameters in (22) 
comparable to those for the sun, viz., ' 

m ~ 10^^ gm, a ~ cm, . u ~ e.m.u., 

(o*/c2) ~ 10"® e.m.u., (ini^r-stellar gas ?), 

the decay time is t ~ 10 years. 1‘ 

This values of r is too small compared with t||e age ol the universe. The diffi- 
culty is, however, overcome if we assume that tfcere is no relative motion between 
the body and a part of the fluid surrounding it to the extent of a radius, say a\ 
The evidence in support of such a view is not, however, Jacking in astrophysics; 
the outer solar corona has a radius a' ^ 10 u. According to our calculations, if 
r is to bo of the order of 10® years, a' should necessarily be of the order of 100 

This discrepancy is perhaps due, in the first place, to the assumption made 
in the above calculations, that the currents do not modify the fielrl appreciably. 
However, if the currents seriously change the field, the picture is completely al- 
tered. The changes in H due to these currents cause an electric! field to be 

produced in a direction opposite to^(^? X if), thus reducing the currents considerablj^ 

When this happens, we must put 

i = <r [£?' + 1 (»XH)], ... (23) 


where 

curl if' = - 1 ... (24) 

c at 

This effect is important when the currents flow^ in large volumes of the fluid say 
of dimensions I > Xj^ircrv, and is called electro-magnetic shielding’. If the shieding 
is perfect the motion of the sphere is unimpeded, while paHial shielding merely 
increases the decay time. For a'~10 a, and t~ 10* years, the shielding should 
be such that the net electric field is of the order of 10~^{v'X H)jc. 

Apart from electromagnetic shielding, the mechanical effects on the sphere 

may be reduced by electrostatic shielding in w'^hich the electric force ^(vxH) 

c 

is balanced by an electric force E' of electrostatic origin. Here the current 

4 
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-{vxH) produces a piling up of positive charge in front of itself and of negative 
charge behind, so that the material becomes polarised. The sphere would pro- 
ceed unimpeded, if the balance of E' with -(vxH) is very nearly exact. The 

balance cannot be nearly perfect, unless the rate at which the polarisation charge 
is built up, is far greater than that at which it is dissipated by conduction through 
the surrounding material. 

The electro-static shielding takes place, only if the currents /satisfy the condi- 
tion, 

div. j / 0. ... (26) 

In the case of translational motion, the currents given by (6) do not satisfy this 
condition. However, in the case of a rotating sphere, the cuireiits / given by (13) 
satisfy (25), and it appears that the effect of electro-static shielding on the rota- 
tional motion of a magnetised sphere in a conducting fluid is worth investigation. 

The detailed calculations of induction drag, taking into account of the shield- 
ing effects, appear to be extremely conipliciatcd, and will form the subjei't matter 
of a subsequent note. 
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VARIATION OF THE BINDING ENERGIES OF NEUTRONS 
AND PROTONS IN HEAVY NUCLII 
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ABSTRACT. The binding energy of the last iiputron and of the last proton for different 
N —Z) values has been calculated from s()Hg 202 to |oo centuriiim^fis from cun’ont mass data 
The variation of binding energy has been studied ^d graf)hs ha\'e been jilotted throughout 
this range. It ha.s been observed from such studiei that there are possibilities for the exis* 
tenco of magic numbers after 82 protons and 126 neutrons. 

INTRODUCTION 

According to the shell structure of the nu(;leus there are certain neutron 
and proton numbers which are (*alled magic. Several nuclear properties show 
remarkable fluctuations around these numbers. The interest in shtdl structure 
began with a review by Mayer (1948) of the expei*imental information correlating 
abundance and stability with the higher magic numbers. Peaks in the binding 
energies for both neutrons and protons in light nuclei were observed at tlu^se 
numbers by Rcdlich (1952). 

The masses of heavier nuclei and their isotopes were not known with sufficient 
accuracy to permit reliable calculation and to draw^ specific conclusions. Furthe)*, 
the number of isotopes known were small in number and masses of some of them 
were not determined. Hince a number of data on masses from loo 

turium^^^ have recently been reported by Segre (]9»53), (irecn (Ififio) and Duck- 
w^orth, Banjamin and Pemiington (1954), it was thought worthwhile 1o calculate 
and study the binding energies of neutrons and protons for heavy nuclei. The 
recent values of masses of neutron and neutral hydrogen atom as given by Li, 
Whaling, Fowler, and Lauritsen (1951) have also been taken into account for 
this purpose. 


CALCULATION AND DESCRIPTION 

The binding energy of the last neutron and of the last jjroton wtif calculated 
by the following relations: 


Bn(A, N, Z) = N-l, Z)+m„ -M(A, N, Z) 

Bj,(A, N, Z) ^M{A-\,N, Z-l)+ms -M(A,N, Z) 
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where, = Binding energy of last neutron 

Bp = Binding energy of last proton 
A = Mass number 
N =: Number of neutrons 
Z = Atomic number or number of protons 
M = Isotopic mass 

== Mass of the neutron == 1.008982 m.u. 

= Mass of the neutral hydrogen 
Atom = 1.008142 m.u. 

The binding energies, thus calculated are given in Table 1. 


TABLE 1 


Element 

(Z) 

M) 

(AT) 

iff-Z) 

(M) 

m.u. 

{Bn) 

m.m.u. 

(Bp) 

m.m.u. 

Hg 

80 

203 

123 

43 

203.03550 





205 

125 

45 

205.03980 



T1 

81 

203 

122 

41 

203.03499 





204 

123 

42 

204.03679 

7.002 

6.672 



205 

124 

43 

205.03792 

8.032 




206 

125 

44 

206.04021 

6.692 

7.732 



207 

126 

45 

207.04189 

7.302 




208 

127 

46 

208.04676 

4.112 




209 

128 

47 

209.05044 

5.302 




210 

129 

48 

210.05537 

4.052 


Pb 

82 

204 

122 

40 

204.03612 


7.012 



205 

123 

41 

205.03831 

6.792 

6.802 



206 

124 

42 

206.03859 

8.702 

7.472 



207 

125 

43 

207.04034 

7.232 

8.012 



208 

126 

44 

208.04140 

7.922 

8.632 



209 

127 

45 

209.04623 

4.152 

8.672 



210 

128 

46 

210.04958 

5.632 

9.002 



211 

129 

47 

211.05450 

4.062 

9.012 



212 

130 

48 

212.05791 

5.572 

.... 



213 

131 

49 

213.06268 

4.212 




214 

132 

50 

214.06633 

5.332 
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TABLE I (coTdd.) 


Element 

(Z) 

(^) 

(JV) 

(N-Z) 

(M) 

m.u. 

{Bn) 

m.m.u. 

(Bp) 

m.m.u. 

Bi 

83 

207 

124 

41 

207.04285 


3.882 



208 

126 

42 

208.04451 

7.322 

3.972 



209 

126 

43 

209.04550 

7.992 

4.042 



210 

127 

44 

210.04951 

4.972 

4.862 



211 

128 

46 i 

211.05300 

6.492 

4.722 



212 

129 

46 , 

212.0.5728 

4.702 

5.362 



213 

130 

47 

213.06072 

5.542 

5.332 



214 

131 

48 ■ 

214.06520 

4.442 

5.662 



216 

132 

49 ' 

215.06739 

6.852 

7.082 

Po 

84 

208 

124 

40 

208.04668 


5.412 



209 

126 

41 

209.04750 

7.062 

5.152 



210 

126 

42 

210.04826 

8.222 

5.382 



211 

127 

43 

211.05234 

4.902 

5.312 



212 

128 

44 

212.05487 

6.462 

6.272 



213 

129 

46 

213.05922 

4.632 

6.202 



214 

130 

46 

214.06186 

6.352 

7.012 



216 

131 

47 

215.06643 

4.402 

6.972 



216 

132 

48 

216.06919 

6.222 

6.342 



217 

133 

49 

217.07364 

4.632 




218 

134 

60 

218.07676 

5.762 


At 

86 

211 

126 

41 

211.05317 


3.232 



212 

127 

42 

2J2. 05676 

5.402 

3.732 



213 

128 

43 

213.06925 

6.482 

3.762 



214 

129 

44 

214.06299 

5.242 

4.372 



216 

130 

46 

215.06562 

6.352 

4.372 



216 

131 

46 

216.06967 

4.932 

4.902 



217 

132 

47 

217.07225 

6.402 

5.082 



218 

133 

48 

218.07638 

4.852 

5.302 



219 

134 

49 

219.07865 

6.712 

6.252 

Ezn 

86 

212 

126 

40 

212.05621 


6.102 



215 

129 

43 

215.06562 


5.612 



216 

130 

44 

216.06760 

7.102 

6.262 



217 

131 

46 

217.07155 

4.932 

6.262 
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TABLE I (contd.) 


Element 

(^) 

M) 

{N) 

{N~Z) 

(M) 

m.u. 

{Bn) 

m.m.u. 

{Bp) 

m.m.u. 

Em 

86 

218 

132 

46 

218.07351 

7.022 

6.882 



219 

133 

47 

219.07776 

4.732 

6.762 



220 

134 

48 

220.07993 

6.812 

6.862 



221 

135 

49 

221.08385 

5.062 




222 

136 

50 

222.08663 

6.202 


Fr 

87 

217 

130 

43 

217.07221 


3.432 



218 

131 

44 

218.07544 

5.752 

4.252 



21» 

132 

45 

219.07747 

6.952 

4.182 



220 

133 

46 

220.08086 

5.592 

5.042 



221 

134 

47 

221.08301 

6.832 

5.062 



222 

135 

48 

222.08674 

5.252 

5.252 



223 

135 

49 

223.08917 

6.552 

5.602 



224 

137 

50 

224.09318 

4.972 


Ka 

88 

219 

131 

43 

219.07824 


5.342 



220 

132 

44 

220.07950 

7.722 

6.112 



221 

133 

45 

221.08276 

5.722 

6.242 



222 

134 

46 

222.08450 

7.242 

6.652 



223 

135 

47 

223.08788 

5.602 

7.002 



224 

136 

48 

224.09001 

6.852 

7.302 



225 

137 

49 

225.09344 

5.552 

7.882 



226 

138 

50 

226.09574 

6.682 




227 

139 

51 

227.09982 

4.902 




228 

140 

52 

228.10212 

6.682 




229 

141 

53 

229.10448 

6.622 




230 

142 

54 

230.10555 

7.912 


Ac 

89 

221 

132 

43 

221.08395 


3.692 



222 

133 

44 

222.08692 

6.012 

3.982 



223 

134 

45 

223.08860 

7.302 

4.042 



224 

135 

46 

224.09147 

6.112 

4.552 



226 

136 

47 

225.09322 

7.232 

4.932 



226 

137 

48 

226.09651 

5.692 

5.072 



227 

138 

49 

227.09845 

7.042 

5.432 



228 

139 

60 

228.10206 

5.372 

5.902 
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TAIBTjE I {contd ) 




Element (Z) 

(A) 

{N) 

{N ~Z) 

(M) 

{Bn) 

{Bp) 





m.u. m.m.u. 

m.m.u. 

Ac 89 

229 

140 

51 

229.10308 

7.382 

6.602 


230 

141 

52 

230.10722 

5.422 

5.402 

Th 90 

223 

133 

43 

223.09036 


4.702 


224 

134 

44 

224.09116 

8.182 

5.582 


225 

135 

45 

225.09381 

6.332 

5.802 


226 

136 

46 

26.09525 

7.542 

6.112 


227 

137 

47 ’ 

227.09836 

5.872 

6.292 


228 

138 

48 ' 

228.09981 

7.532 

6.782 


229 

139 

49 

229. 10279 

6.002 

7.412 


230 

140 

50 

230. 10472 

7 . 052 

7 . 082 


231 

141 

51 

231 . 10817 

5 . 532 

7. 192 


232 

142 

52 

232. 11034 

6.812 

•• 


233 

143 

53 

233.11382 

5.502 

•• 


234 

144 

54 

234.11650 

6.302 



235 

145 

55 

235.12037 

5.112 


Pa 91 

225 

134 

43 

225.09514 


4.162 


226 

135 

44 

226.09823 

5.892 

3.722 


227 

136 

45 

227 . 09953 

7.682 

3.862 


228 

137 

46 

228.10200 

6.512 

4.502 


229 

138 

47 

229.10331 

7.672 

4.642 


230 

139 

48 

230.10599 

6.302 

4.942 


231 

140 

49 

231.10783 

7.142 

5.032 


232 

141 

50 

232.11095 

5.862 

5.362 


223 . 

142 

51 

233.11250 

7.432 

5.982 


234 

143 

52 

234.11586 

5.622 

6.102 


235 

144 

53 

235.11854 

6.302 

6.102 

XT 92 

227 

135 

43 

227.10166 


4.712 

228 

136 

44 

228.10232 

8.322 

5.352 


229 

137 

45 

229.10469 

6.612 

5.452 


230 

138 

46 

230.10553 

8.142 

5.922 


231 

139 

47 

231.10818 

6.332 

5.952 


232 

140 

48 

232.10947 

7.692 

6.602 


233 

141 

49 

233.11193 

6.522 

7.162 
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TABLE I {contd.) 


Element 

{Z) 

{A) 

{N) 

(N-Z) 

{M) 

m.u. 

(B«) 

m.m.u. 

(Bp). 

m.m.u. 



234 

142 

50 

234.11379 

7.122 

6.852 



235 

143 

61 

235.11704 

5.732 

6.962 



236 

144 

52 

236.11912 

6.902 

7.662 



237 

145 

63 

237.12231 

6.792 




238 

146 

54 

238.12493 

6.362 




239 

147 

55 

239.12869 

6.222 

. . . 



240 

148 

56 

240.13101 

6.662 


Np 

93 

231 

138 

45 

231.11026 


3.412 



232 

J39 

46 

232.11236 

6.882 

3.962 



233 

140 

47 

233.11322 

8.122 

4.392 



234 

141 

48 

234. 11668 

6.622 

4.392 



235 

142 

49 

235.11723 

7.4.32 

4.702 



236 

143 

50 

236.12017 

6.042 

5.012 



237 

144 

51 

237.12158 

7.572 

5.682 



238 

145 

62 

238.12614 

5.422 

5.312 



239 

146 

53 

239.12730 

6.822 

6.772 



240 

147 

64 

240.13002 

6.262 

6.812 



241 

148 

55 

241.13250 

6.502 

6.662 

Pu 

94 

232 

138 

44 

232.11338 


6.022 



233 

139 

45 

233.11665 

6.812 

4.952 



234 

140 

46 

234.11616 

8.372 

5.202 



235 

141 

47 

235.11844 

6.702 

5., 382 



236 

142 

48 

236,11962 

7.802 

5.762 



237 

143 

49 

237.12192 

6.682 

6.392 



238 

144 

60 

238.12366 

7.242 

6.062 



239 

145 

51 

239.12653 

6.112 

6.762 



240 

146 

52 

240.12862 

6.892 

6.822 



241 

147 

63 

241.13164 

6.062 

6.622 



242 

148 

54 

242.13413 

6.392 

6.512 



243 

149 

65 

243.13740 

5,712 


Am 

95 

237 

142 

47 

237.12302 

. . 

4.742 



238 

143 

48 

238.12571 

6.292 

4.362 



239 

144 

49 

239.12740 

7.292 

4.402 
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VAemexit 




(^-Z) 

ia.u. 

m.m.u. 

Itl.ItV.W. 

Am 

^5 

240 

145 

50 






241 

146 

51 

241.13151 

7.702 

5.252 



242 

147 

52 

242.13489 

6.602 

4.792 



243 

148 

53 

243.13686 

7.012 

5.412 



244 

149 

54 

244.14011 

5.632 

5.432 

Cm 

96 

238 

142 

46 

' 238.12713 


4.032 

* 


239 

143 

47 

239.12941 

: 240. 13044 

6.702 

4.442 



240 

144 

48 

7.952 

6.102 



241 

145 

49 

7 241 . 13223 

7.192 

6.142 



242 

146 

50 

242.13420 

7.012 

5.452 



243 

147 

61 

243.13694 

6.242 

6.092 



244 

148 

52 

244.13880 

7.122 

6.202 



245 

149 

53 

245.14138 

6.402 

6.872 

Bk 

97 

243 

146 

49 

243.13860 


3.742 



244 

147 

50 

244.14122 

6.362 

3.862 



245 

148 

51 

245.14229 

7.912 

4.662 



246 

149 

52 

246.14547 

6.802 

4.052 



249 

152 

55 

249.15186 





250 

153 

56 

250.16591 

4.932 


Cf 

98 

243 

145 

47 

243.14131 





244 

146 

48 

244.14211 

8.182 

4.632 



245 

147 

49 

245.14368 

7.412 

5.682 



246 

148 

50 

246.14543 

7.232 

5.002 



248 

160 

52 

248.14920 





249 

151 

53 

249.15180 

6.382 




250 

152 

54 

250.16395 

6.832 




25] 

153 

55 

251 . 15725 

5.682 




252 

154 

66 

252.15988 

6.352 




253 

155 

57 

253.16321 

6.662 



99 

246 

147 

48 

246.14657 


5.262 



247 

148 

49 

247.16011 

5.442 

3.462 



253 

154 

65 

253.16296 


6.062 

Centuritim 

100 

254 

154 

54 

264.16670 


6.402 



266 

165 

65 

266.16886 

6.022 

. . 


S 
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From these values of binding energies for neutrons and protons, it is clearly 
seen that the binding energies-for even numbers are always higher than that for 
odd ones. At magic numbers 82 and 126, for protons and neutrons respectively, 
the binding energy is maximum. These observations were also verified by draw- 
ing graphs between even or odd neutron and proton numbers and their binding 
energies for different (N—Z) values. Also a smaller peak was obtained at 88 
in the case of protons, for most of the (N—Z) values. There was a gradual in- 
crease and decrease in the binding energies for neutrons and protons respectively 
for higher numbers. 

The difference between the binding energy bf a neutron, in a nucleus with 
odd (or even) N and the average of that of its two neighbours with the same 
(N—Z) and odd (or even) N is denoted by 

Dn Bn-[B,{N+2)^B^(N-2)-\i2 

The average of D,* for all available (N ~ Z) values is denoted by \Pn\AV 
plotted against iV‘(figure 1.). Similarly (Dp\j^y is defined and plotted against 
Z (figure 2.). 
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For neutrons, the maximum occurs at iV' = 125. It falls gradually 

to 126 after which the fall is very sharp. Smaller peaks were also obtained at 
neutron numbers 129, 132, 135, 138, 141, 145. Two adjacent smaller peaks were 
separated from each other by three neutron numbers, except in the case of N “ 145. 

For protons, the [Dp]j^y curve also fiuct/uates. The minimum value of [Dp]^y 
occurs at 2/ — 83. Smaller peaks were observed at proton numbers 88, 92, 95. 
The adjacent smaller peaks are separated from f^ach other by three proton numbers, 
nearly. I 

DISCUSSIo|l 

The binding energy of neutrons or protoi|s reaches a high value at a magic 
number and rapidly falls after that. This a^ually happens in the case of 126 
neutrons and 82 protons which are known to magic numbers. It was pointed 
out by Redlich (1952) that the smaller peaks o|curing at other neutron and proton 
numbers in 'N—[Dn]j^y\ oi ^Z-~ [Dp]j^y graphs might be due 

to these numbers being magic. At neutron numbers 11. 14, 20, 24 and 28 and at 
protons numbers 11, 14, 20, 28 smaller peaks were observed by him and among 
such numbers 14, 20 and 28 are now known to be magic numbers. 

From these considerations, it is obvious that there might be magic numbers 
after 82 protons and 126 neutrons. Also the peak occuring at 88 protons is 
highest among all the smaller peaks. So this might be a magic number. But 
other factors are to be considered before arriving at any specific conclusion. 

The periodicity in the variation of and \Dp]^y is also significant and 

deserves considerations. 

The increase in the binding energy of neutrons and protons for even N or Z 
values is due to their greater stability. 
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ON THE FLUORESCENCE IN DIAMOND EXCITED 

BY X-RAYS* 

S. N. SEN AND B. M. BISHUI** 

Optics Department, Indian Association poe the Cultivation or Science, Jadavpur, 

Calcdtta-32 

PLATE XVI 

ABSTRACT. The spectra of fluorescence excited by X-rays in seven specimens of 
diamond of Type I and one specimen of diamond of Type II have boon photographed with an 

Adam Hilger glass spectrograph. The fluorescence efficiency at the 4166 A band and ultra- 
violet absorption limits of the specimens were known. It has been observed that all the 

specimens of diamond of Type I show continuous fluorescence extending from 5200 A to 

3900 A and only one specimen, namely^DS, shows an absorption band at 4165 A in the conti- 
nuous fluorescence. The diamond of Type II also shows a very weak continuous fluorescence 
0 0 

extendmg from 4045 A to 6049 A. It has been concluded from these results that the parti- 
cular type of impurity which produces the fluorescence band at 4166 A is not solely res- 
ponsible for the continuous fluorescence produced by X-rays, but other impurities can pro- 
duce the continuous fluorescence under X-ray excitation. 

It has further been observed that the intensity of extra liaue spots in these diamonds 
reported earlier cannot be correlated with fluorescence under X-ray excitation. It has been 
pointed out that this fact corroborates the conclusion drawn earlier by Sirkar and »Sen (1966) 
that the extra spots in Lauo photographs of diamond are due to either mosaicity or irregulari- 
ties of the spacings in the crystal and not due to chemical impurity. 

INTRODUCTION 

The fluorescence spectra of diamond excited by X-rays were (compared pre- 
viously by Ramchandran (1946) with the spectrum of fluorescence excited by ultra- 

0 

violet light and it was observed that 4166 A band appeared as an absorption band 
in the spectrum excited by X-rays although its companions on the longer wave- 
length side were present as emission bands. Fluorescence in some specimens of 
diamond excited by X-rays was later studied by Bishui (1961) in this laboratory 
who found that all the four specimens of diamond of Type 1 showed continuous 

O O 

fluorescence extending from 5660 A to 3700 A, and in the case of two specimens 

showing strong absorption band at 4166 A, the fluorescence spectrum excited 
by X-rays showed an absorption band in this region accompanied by a few other 
similar bands on the short wave length side. He also observed that a diamond 

* Communicated by Prof. S. C, Sirkar, 

♦♦ Present address : Central Glass A Ceramic Research Institute, Calcutta-32. 
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of Tjrpe II did not show any fluorescence in the visible region when irradiated 
by X-rays. These results were explained on the hypothesis that fluorescence 
is due to the presence of chemical impurities in the lattice of diamond of Type 1 
and that such impurities are absent in the <liamond of Type Tl. 

The fluorescence and absorption spectra In the visible region in tlie case of 
six specimens of diamond including one of Type II at temperatui'es ranging fi’om 
-I80'‘0 to 276°C were studied by Bishui (1^50) who obsei ved that integrated 

intensity of the band at 4156 A increased at li>wer toinperatiires and diiniiiishing 
gradually with the rise of temperature of th^ crystal, it vanishes abruptly at a 
temperature which is different for different ^crystals. Tt was further observed 

o 

by him that the absorption bond at 4l56A :and its companions also disayjpear 
at 275*^0, but the birefringence shown by th4 c-rystals is not altered very much 
at this temperature. i 

o 

Later, Bishui (1952) studied the intensity of the fluorescence band 4156 A of 
eight new specimens of diamond at room temperature with respect to that of the 

0 

Raman line 1332 excited by the Hg line 4358 A and found that the trans- 

o 

parency of the crystals for wavelengths shorter than 3()(K) A cannot be correlated 
with the intensity of the fluorescence band. Theses crystals did not exhibit any 

O 

absorption band at 4156 A at room temperature, but at- 180®0 some of them 

o 

showed a sharp absorption band at 4156 A. From these results it was concluded 
by Bishui (1950, 1952) that the fluorescence band behaves in the same way as 
impurity fluorescence and that the impurity is of chemical nature. He also 

o 

found that the fluorescence band 4156 A is originated by some impurity which 

also produces two absorption hands at 2360 A and 2363.5 A, and diamonds which 
may not possess this impurity in appreciable quantities but ])os8e88 some other 

impurities which produce absorption in the region 3000 A do not show the 

O 

fluorescence band 4156 A with any appreciable intensity. Tt was pointed out 
that fluorescence is not due to lattice defect produced by strain in the tetra* 
hedral lattice because there is no exact correlation between microscopic strain 
and fluorescence in diamonds of Type I.. 

It is not clear, however, whether the impurity which is responsible for the 

fluorescence band at 4166 A is also responsible for the continuous fluorescence 

® o . 

spectrum in the region 3700 A to 5660 A which is observed when some specimens 
are excited by X*rays. It would be also worthwhile to investigate whether all 

o 

diamonds which are transparent up to about 2300 A show continuous fluorescence 
when excited by X-rays. The object of the present investigation was to elucidate 
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these points more clearly. The spectra due to fluorescence excited by X-rays 
in eight specimens of diamond having ultraviolet absorption limits lying between 

8000 A to 2240 A and of different thickness have, therefore, been studied in the 
present investigation. 

Recently, it was observed by 8irkar and Sen (1056), wbo studied the positions 
and approximate relative intensities of extra spots accompanying the {111} re- 
flection in the Laue photographs of eleven specimens of diamond, that' neither 
the intensities of extra reflection in the direction making an angle 26 with 
incident rAdiation nor those of extra reflection in other directions present in the 
liEue photographs of some of the crystals could be correlated either with the 

intensity of the band at 4156 A or with the impurity present in the crystal. Since 
the approximate relative intensities of the extra spots accompanying the {111} 
reflection ill Laue photograph could not be correlated with the intensity of the 

band at 4160 A it was thought worthwhile to study the X-ray fluorescence in some 
of these diamonds to find out whether the X-ray fluorescence could be correlated 
with intensities of extra reflection. The present paper deals with the results 
obtained in the case of diamonds D7, D8, D9, DIO, Dll, D12 and D14 of Type 
I and D13 of Type IT used by Bishiii (19*52) in a previous investigation. 

EXPERIMENTAL TECHNIQUE 

A Seifert X-ray tube giving 26 milliamperes at 32 K.V. and provided with 
copper anticathode was used for the irradiation of crystals with X-rays. A lead 
disc about 0*6 cm thick and provided with a small hole was placed on the window^ 
to get a narrow beam of X-rays. The specimen of diamond was placed on a stand 
and it was completely covered by a light-tight cylindrical lead box blackened 
inside and provided with two rectangular windows 90° apart, through one of 
which the X-rays w^ere incident on the crystal and through the other the light 
emitted by the crystal came out and w^as focussed with a lens on the slit of a 
spectrograph, A Fuess glass spectrograph was used to photograph the spectra. 
Special care was taken to see that no stray light could enter the slit of the spectro- 
graph or the box containing the specimen of diamond. On observing visually 
through the spectrograph it was found that spectrum of light emitted by dia- 
monds was a continuous one and .it disappeared as soon as the X-ray tube was 
switched off. In the case of D12 and D13 it was found that the light emitted by 
the crystals was very feeble. The spectra were next photographed using in each 
case an exposure time of 6 hrs and keeping the current in the tube constant. The 
width of the slit of the spectrograph had to be increased to 0.6 mm in order to 
diminish the time of exposure. Ilford Zenith plates were used for photographing 
the spectra. Iron arc spectriim was recorded as comparison on each spectro- 
gram. . ‘ ' 
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KESU LTS 

The spectrograms obiainecl in the case of eight specimens of tliainoiids 
are reproduced in figures 1-S in Plate XVI and the intensities of fluorescence 
excited by X-rays are entered in column (2) of Table I. The intensities of extra 
spots in the Laue photographs of these specimens of diamonds as given in column 
3 are taken from the results of Sirkar and Sen (1956). The intensities of the 
fluoresceiK^e band A 4-156 and the ultraviolet absorption limits are taken from 
the results reported by Bishui (1952). r, 

TABLE 4 


Diamond 

Intensity of 
fluoroscenco 
excited by 
X-rays 

Intensity 
of extra 

Lauo reflec- 
tion at 

20 = 41' 30' 

t 

1 

i 

L- - - - 

Ultraviolet 
absorption 
limit 
in A.U. 

Thickness 
of diamond 
in mm. 

D 7 

Strong 

M(‘dium 

'5.2 

2500 

1 . 353 

D H 

Moderately strong 
absorption liand 

9 

at 4155 A 

Strong 

1.5 

3000 

1.3 

D 9 

Moderately strong 

Medium 

9.20 

2550 

0.8 

D 10 

V(^ry strong 

Medium 

8.4 

2810 

1.092 

D 11 

Strong 

Weak 

7. 1 

2270 

absorption 
i)and at 2300 

0.952 

D 12 

Woak 

Strong 

3.8 

2720 

0.047 

D 13 

Vtuy weak 

Weak 

0 

2240 

0.838 

D 14 

Strong 

Weak 

0 

2300 

absorption 
band at 2300 

0.812 


DISCUSSION 

It can be seen from the spectrograms reproduced in Plate XVI that all the 
specimens show continuous fluorescence extending from 3900 A to 52iX) A in general 

o 

except D13 which gives a feeble continuous spectrum extending from 4045 A 
to 6049 A. In the case of D 8, the spectrum shows a weak absorption band 

o 

at 4155 A and in the other cases the absorption band is totally absent. The ab- 
sence of absorption band in the fluorescence spectra of these sjjecimens of diamond 
can be explained by the fact observed by Bishui (1952) that the absorption spectra 
in the visible region for these specimens at room temperature did not show any 

ab«iorption band at 4166 A although tho band appeared, except in the case of D13 
a4i3 D14, when the crystals were cooled to — ISO^O. 
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The appearance of the absorption band in the fluorescence spectrum due to 
D 8 suggests that the crystal might exhibit a band in the absorption spectrum at 
room temperature and the band being weak might have been overlooked by Bishui 
(1952). In order to verify this, the absorption spectrum was studied again and 

o 

a feeble band at 4155 A was detected. The microphotometric; record reproduced 

o 

in figure 9 shows that the absorption band at 4155 A is very feeble and the inten- 



^ i Infinite density, 

Kig. 9. Microphotometric record of absorption band X 4155. 

sity ratio Ipllji i.e,, the ratio of intensities of the fluorescence band at 4156 A 
and the Raman line is affected only very slightly by this absorption, so that the 
value 1.5 for ratio reported by Bishui may be increased only to about 2.5 when 
this absorption is taken into consideration. 

It is further observed that D 13 which is transparent upto about 2250 A and 
was classified by Bishui (1952) as a diamond belonging to Type II shows under 
X-ray excitation a very weak fluorescence which is continuous and extends from 

o o 

4046 A to 6049 A. In the case of D 4 studied by Bishui no fluorescence was 
observed under X-ray excitation although it exhibited at — 180“C a very feeble 

O 

fluorescence band at 4156 A when excited by ultraviolet radiation. D 13 did not 
show any trace of this band. From these results he concluded that both these 
specimens of diamond belong to Type II and do not contain any chemical 
impurities. It appears, however, that there are some traces of a particular type 
of impurity in D 13 which gives rise to feeble continuous fluorescence under X-ray 

o 

excitation but does not produce the fluorescence band at 4156 A when excited by 
ultraviolet rays. 

Plate XVI shows that among the fluorescence spectra due to the eight speci* 
mens of diamond the spectrum due to D 10 is the most intense one and the 

ultraviolet absorption limit of this diamond is at 2810 A. The intensity of 
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Fluorescenct* of diamond excited by X-rays. 
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fluorescence due to some of the other specimens like ]) 8, T) 13 or D 14 is much 
smaller than that of the fluorescence due to I) 10. As the ultraviolet absorption 

O 

limit of D 8 is at 3000 A which is longer than that of D 10 and the limits in the 
case of D 13 and D 14 are much shorter, being approximately at 2240 A and 

O 

2300 A respectively, the intensity of fluorescence due to X-ray excitation does 
not depend much on the ultraviolet absorptioli limit. 

It can also be seen from columns 2 and 4 o£ Table 1 that there is no correlation 
between the intensity of the continuous fluor^cence excited by X-rays and that 

0 ' 0 

of the fluorescence band 4156 A. Although both the 4156 A band and the conti- 

nuous fluorescence excited by X-rays are weal^ in the case of D12 and D13, the 

0 

intensity of the band 4156 A due to D 8 is very small but the fluorescence excited 
by X-rays in this specimen is very strong. Similarly, the intensity of the fluore- 
0 

sconce band 4156 A duo to D 0 is greater than that due to D 10, but the 
intensity of fluorescence excite<l by X-rays is larger in the latter case than in 
the former. These facts indicate that the impurities ])r()ducing the band at 

4156 A are of particular type while other impurities not producing this band 
can produce fluorescence under X-ray excitation. 

Columns 2 and 3 of Table I again show that there is no correlation between 
intensity of X-ray fluorescence and that of extra spots in tlie Laue photographs. 
This is in conformity with the conclusion drawn earlier by Sirkar and Sen (1956) 
that some of the extra spots are due to mosacity in the crystal and the other 
spots are due to irregularities in the spacing present in the crystal. 
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THEORY OF SPECIFIC HEAT OF LIQUID HYDROGEN. 

8. 0. MISRA 

Ravenshaw College, Cuttack 
(Received for publication August 8, 1966) 

As the three physical states are continuous, the liquid state may be taken as 
a transition from solid to the gaseous state. So, in the theory of specific heat of 
liquids we must consider the motion of oscillation of the particles as in the solid 
state and also the motion of translation of the particles as in the gaseous state. 
Hence total specific heat at any temperature will be determined by relative 
contribution of the two terms or (\ oc 

By comparing the formulae of Debye (Debye’s Theory of specific heat of 
solids) and Planck (Theory of black body radiation) it is found that 

Coso - 

where B is the usual gas constant 

(?„ is the Debye term and its characteristic temperature (6^) 
is to be determined by trial. 

and Ctran, - \ i?[ (I-Ta) ] 

where R is the usual gas constant 

T is the temperature at which the specific heat is observed, 
is the melting point. 

A is an arbitrary constant independent of temperature. 

In the case of liquid hydrogen it is found that the best results are 
obtained by assuming that 0^ = 24°K and A = 0.04. 

The experimental values are taken from Eucken (1936). In the case of 
hydrogen the rotation starts at 60°K and it is not taken into account. 

In the table below the last four readings are given separately, for one can 
notice a sudden change in the specific heat at 21.09°K. Such changes are 
observed in solids also (perhaps some change in the internal structure takes 
place here.) So, for these readings is taken to be 21'’K. 
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Temp. 

(abs) 

6p, heat 
obs. 

Sp. heat 
calc. 

Temp. 

(abs) 

Sp. heat 
obs. 

Sp. heat 
calc. 

16.33 

2.64 

2.66 

20.6 

2.98 

2.96 

16.86 

2.66 

2.60 




16.23 

2.63 

2.63 




16.87 

2.70 

2.68 




17.22 

2.70 

2.71 




17.88 

2.78 

2.76 

21.0li 

2.93 

2.92 

18.92 

2.84 

2.84 

21.4^ 

2.94 

2.96 

19.6 

2.89 

2.89 


3.00 

3.00 

20.0 

2.92 

2.92 

23.1^ 

2.99 

3.06 


Similarly, in the case of liquid heavy hydrogen we get the best values of 
the specific heat for = 54'’K and A - 0.02918. On the whole in both the 
cases the agreement with our suggestion is quite satisfactory. 
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